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Genetic engineering has been used in the production of food in the U.S. for nearly three
decades, however, science literacy in genetic engineering among consumers is still low.
To address this problem, an online resource called The Journey of a Gene
(passel.unl.edu/ge) was created to help incorporate genetic engineering education in high
school and college curriculums. Here we report two studies conducted to evaluate the
effectiveness of The Journey of a Gene in 1) improving student knowledge and attitudes
about genetic engineering and 2) helping teachers increase their knowledge as well as
quantity and quality of genetic engineering instruction. In the first study, we surveyed
nearly 900 students and found that the online resource was effective in increasing student
knowledge and shifting student attitudes to become more accepting of genetic
engineering technology. This increase in accepting attitudes varied by gender,
background, and trust in government safety regulation. Our results demonstrate that
genetic engineering attitudes are not static, but can become more positive through
education. In the second study, we demonstrate how The Journey of a Gene addresses
common teaching barriers to help six Nebraska high school agriculture teachers a)
increase the time spent on genetic engineering in the classroom, b) improve the quality of
genetic engineering learning as measured by a shift from learning the controversy to

learning the scientific process, enabling students to evaluate the controversy, and c)
improve teacher knowledge of genetic engineering. Based on these positive outcomes,
we suggest that future funding be allocated to equipping and training teachers in genetic
engineering education. Education is a key component to help consumers make informed
decisions about purchasing products derived through genetic engineering and make
societal decisions about advancing genetic engineering research.
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Literature Review

Attitudes toward genetic engineering, contributing factors
Although genetically engineered crops have been a part of the world food system
for nearing three decades, consumers are still skeptical of the technology. Crop genetic
engineering (GE) is the manipulation of a plant’s DNA in order to make an agronomic
improvement. This is commonly done by inserting genes from a source other than the
crop plant to incorporate a novel function. Another common genetic engineering
technique involves blocking the expression of a gene that already exists in the plant.
Over 90% of the soybeans, corn, and cotton planted in the United States have been
genetically engineered, primarily to benefit farm production (Fernandez-Cornejo, 2014).
Papaya, rice, and canola crops have also been commercialized with genetically
engineered events and are currently available on the U.S. market. Attitudes toward the
technology have been developed around the consumer’s view of the benefits and the risks
of genetic engineering for their health, the environment, and the economy.
The scientific community has long assumed that attitudes toward genetic
engineering would improve as the technology became integral to our food system.
However, a meta-analysis that aggregated data from 1990-2010 indicated that attitudes
have not improved over time (Frewer et al., 2013). Since opposition to the technology
has been mixed with sensational media and even misinformation, GE proponents have
believed that education would “fix the problem.” This commonly held belief has been
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the focus of much debate. However, many studies have found a positive correlation
between knowledge in regards to science or biotechnology and attitudes towards GE
(Fonseca, Costa, Lencastre, & Tavares, 2012a; Mowen, Roberts, Wingenbach, & Harlin,
2007; Sohan, Waliczek, & Briers, 2002; Tegegne, Aziz, Bhavsar, & Wiemers, 2013). A
meta-analysis has indicated that this positive correlation between knowledge and attitudes
holds across contexts and cultures (Allum, Sturgis, Tabourazi, & Brunton-Smith, 2008).
Challenging this idea, another study found that knowledge, as measured
by a science literacy instrument, indicated the strength of response but not the direction
(Pardo & Calvo, 2004). This study indicated that the more science you know, the
stronger you feel. Priest (2000) found similar results and argued that increased education
did impact attitudes, but knowledge alone is not the main factor for attitude
determination.
There are many factors that could confound the relationship between knowledge
and attitudes. These include, but are not limited to, trust in regulators, media coverage,
gender, risk/benefit perception, rural vs. urban background, area of study, and education.
These factors will be discussed below. Each has been shown to be worth considering as
the development of opinions on GE is more complex than a linear relationship with level
of knowledge.
Trust is one factor that impacts public acceptance of GE applied to crop. Trust in
government and regulators affects GE attitudes with higher trust leading to more
accepting attitudes (Brossard & Nisbet, 2007; Hossain & Onyango, 2004; Moon &
Balasubramanian, 2004; Priest, Bonfadelli, & Rusanen, 2003; Qiu & Huang, 2006). This
effect has consistently been shown to be significant, for example, individuals who trust
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their government are 14-21% more likely to consume GE foods (Hossain & Onyango,
2004). Most consumers expect their government to tightly regulate biotechnology
products (Hallman & Metcalfe, 1994). If an individual has a high trust in government
and their regulation of food safety, they likely feel that GE products on the market are
safe. Trust in an authority is a way to reduce the cognitive load of making complex
decisions (Brossard & Nisbet, 2007; Priest et al., 2003). Since consumers don’t always
have the time to research complex issues such as genetic engineering, they can simplify
the decision by listening to sources they trust.
Consumers who delve into the details of the complex issue of GE have a wide
variety of information sources to choose from. The information from each of these
sources, such as college courses, media, or blogs, can vary greatly in accuracy, agenda,
and attitude. It has been hypothesized that negative media coverage and information
from special interest groups have a large impact on attitudes (Hoban, 1997; Hoban 1998).
Media sources tend to serve as the main form of science education for consumers
once they finish their formal education; therefore, the media plays a major role in attitude
determination (Brossard & Nisbet, 2007). A similar study found that popular sources
such as newspapers and internet sources were the by far the top sources of information on
GE over more scientific sources (Fritz et al., 2004). When an individual chooses a source
of information to trust, this source can have significant impacts on how they develop their
attitude towards the technology. For example, individuals who indicate trust in media are
less positive towards biotechnology (Priest, 2001). However, this has not been a
universal finding. Other studies argue that media is not a significant driver in opinion
development over GE (Ten Eyck, 2005).
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Initially, the decade after the introduction of GE technology, studies revealed that
attitudes towards biotechnology were rapidly eroding (Priest, 2000), but a recent metaanalysis showed that there is no significant difference in attitudes over time (Frewer et
al., 2013). Although attitudes may be affected by media, these attitudes didn’t affect
consumer purchasing habits in the Netherlands (Kalaitzandonakes, Marks, & Vickner,
2004). Therefore, consumer attitudes may not be the main driver for the final decisions of
the average consumer. In the end, grocery store decisions often come down to price.
Growth in the organic market in the U.S. recently may indicate that consumers’ are
becoming increasingly willing to make food purchasing decisions based on their attitudes
and beliefs rather than price.
Another popular hypothesis is that risk and benefit analysis drives consumer
decisions (Frewer, Howard, & Aaron, 1998). A model has been crafted in which risk and
benefit analysis acts as a mediator through which opinion is formed (Moon &
Balasubramanian, 2004). This model suggested that risk is a stronger predictor than
benefit. It has also been reported that consumers would be more comfortable consuming
biotech products if they perceived the product as having a direct benefit to them as a
consumer. However, most biotech products to date present direct benefits to producers
rather than consumers (Brown & Ping, 2003; Falk et al., 2002; Lusk et al., 2004; Lusk,
Jamal, Kurlander, Roucan, & Taulman, 2005). In addition, benefit to the environment
has been shown to increase willingness to consume genetically engineered products,
especially in the United States (Lusk et al., 2004). Over time, both risk and benefit
perception have increased in intensity, which may indicate increased public awareness
(Frewer et al., 2013).
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Attitudes have been found to vary significantly by application of the technology.
For example, college students that studied agricultural communications were mostly
positive about plant genetic engineering applications but saw applications of this
technology to humans as unacceptable (Mowen et al., 2007). Many studies have found
that consumers are significantly more positive towards plant genetic engineering than
animal genetic engineering applications (Fonseca et al., 2012a; Frewer et al., 1998;
Frewer et al., 2013; Fritz et al., 2004; Hallman & Metcalfe, 1994; Hossain & Onyango,
2004).
Not surprisingly, acceptance of genetic engineering also varies by area of study at
the college level. Students in the biological sciences are found to be more positive
toward genetic engineering than students in the social sciences or education (Sohan et al.,
2002; Tegegne et al., 2013). This effect was also found among high school students in
Portugal (Fonseca et al., 2012a). However, another study found that there was no
difference in attitude between pre-service teachers in biology vs. non-majors in a
Lithuanian university (Lamanauskas & Makarskaitė-Petkevičienė, 2008). The majority
of this sample was comprised of freshman, which likely effected the results since biology
majors had experienced little instruction in the field at that point. A similar measure to
academic major is self-perception in science. It has been found that students who view
themselves as scientists are more positive toward genetic engineering than those who do
not (Sohan et al., 2002). Additionally, higher levels of education have been associated
with more positive attitudes and higher awareness about genetic engineering (Allum et
al., 2008; Gallup Poll News Service, 2001). These characteristics overlap with the theory
of knowledge affecting attitudes.
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Males have been found to be more positive toward genetic engineering than
females in several studies (Brossard & Nisbet, 2007; Hossain & Onyango, 2004; Mowen
et al., 2007; Sohan et al., 2002). This has even been demonstrated in samples as young as
high school students (Fonseca et al., 2012a). Even though the gender effect is well
known, there is no commonly accepted explanation. When examining both gender and
area of college study, females studying education had the least positive attitudes (Sohan
et al., 2002). This provides an argument for teacher education in GE science since
teacher attitudes have been shown to influence student attitudes towards content (Lock,
Miles, & Hughes, 1995). Additionally, studies have found that students from rural or
agricultural backgrounds are more positive toward genetic engineering than those from
urban backgrounds (Mowen et al., 2007; Tegegne et al., 2013).
Although attitudes towards genetic engineering can most realistically be
explained by complex models that include a combination of the following factors: trust in
regulators, media coverage, gender, risk/benefit perception, rural vs. urban background,
area of study, and education, few of these factors are pliable. Of the factors explored to
date, the factor of knowledge is the most realistically changed. For example, after a small
biotechnology lesson, Minnesota high school students indicated they felt more positively
about the use of genetic engineering in food production (Reicks, Stoebner, Hassel, &
Carr, 1996). Similar results were found with a group of Virginia high school students
who completed a two-week curriculum on biotechnology (Stotter, 2004). Few studies
have been conducted to directly link teacher confidence in their understanding of GE
science, the instructional practices they deploy and their student’s attitudes toward
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genetic engineering. Understanding the link between education and student attitudes has
implications on what is included in classrooms.

Long-lasting impact – Helping teachers teach genetic engineering
A glimpse into public knowledge about genetic engineering is shown by the
following two studies. When presented with the statement “Ordinarily tomatoes do not
contain genes, while genetically modified ones do” in a large public survey, less than half
of the participants indicated that they disagreed (Priest, 2000). In addition, only 61% of
the participants correctly disagreed that eating such tomatoes could cause a person’s
genes to be changed (Priest, 2000). Similarly, a recent survey on American consumers
indicated that 80% of people surveyed believed that food containing DNA should be
labeled (Lusk, 2015). Despite the fact that Americans eat GE products every day,
awareness and understanding continues to be low (Fritz et al., 2004; Sohan et al., 2002).
Previously, small lessons on genetic engineering, as short as two to five days, were
shown to significantly increase awareness among high school students (Reicks et al.,
1996). Integrating genetic engineering lessons into high schools could be a solution to
the genetic engineering science literacy dilemma because it provides a systematic way to
effectively reach an entire generation.
Educating teachers is a practical step toward informing the average consumer
about the science of genetic engineering. Teachers can then equip the next generation of
consumers with the knowledge to critically analyze information to make decisions about
this technology. In previous studies, teacher comfort level with their own knowledge of
the science of genetic engineering was identified as a main barrier to teaching this topic
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(Boone et al., 2006, Steele and Aubusson, 2004, Wilson et al., 2001, Mowen et al., 2007,
Mordan et al., 2006, Kwon, 2009, Leslie and Schibeci, 2006). There is a significant
correlation between teachers’ self-perceived knowledge about biotechnology topics and
whether those topics were taught in the classroom (Mowen et al., 2007). This is
concerning since self-perceived knowledge has been found to be considerably low. In
Virginia, only 13.6% of the 62 agricultural educators studied considered themselves
knowledgeable about genetic engineering, 15% considered themselves having applied
knowledge in genetic engineering, 8.3% in gene splicing as well as recombinant DNA,
and 5.4% in transgenic species (Boone, Gartin, Boone, & Hughes, 2006). When 126 high
school teachers were surveyed in North Carolina, it was found that they accurately
perceived their lack of knowledge about biotechnology. Nearly half of the teachers were
unable to pass a biotechnology knowledge survey, however, the teachers indicated it was
important to incorporate biotechnology into their curriculum (Wilson, Kirby, & Flowers,
2001). Many other studies have also reported that teachers desire to incorporate genetic
engineering into their curriculums (Boone et al., 2006, Brown et al., 1998, Kwon and
Chang, 2009). These findings clearly emphasize the need for developing resources that
help teachers better understand the science of GE.
In addition to knowledge and comfort level, there are addition barriers teachers
encounter that limits their teaching impact on GE science. First, genetic engineering is a
relatively new technology, therefore many teachers did not receive instruction on this
technique in their own high school or college education. Barriers of lack of time, both to
plan and to fit the content in the curriculum (Borgerding et al., 2013, Steele and
Aubusson, 2004, Fonseca et al., 2012), and a lack of resources or funding for
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biotechnology activities (Fonseca et al., 2012, Steele and Aubusson, 2004, Boone et al.,
2006) have also been documented. Finally, some teachers perceive the topic as too
advanced for their students (Fonseca et al., 2012, Steele and Aubusson, 2004).
While working with teachers across the region on genetic engineering education,
our team has informally confirmed that the primary barrier that keeps teachers in the
Midwest from including the science of genetic engineering is lack of confidence in their
own knowledge of the science and lack of time to gain that knowledge. We have
observed that this lack of knowledge encourages teachers to omit genetic engineering
education or, in some cases, to teach genetic engineering through controversy debates
rather than instruction on the scientific process. Similarly, in a study of twenty Florida
life science teachers considered leaders in biotechnology education, only eleven taught
genetic engineering. Two of the eleven teachers who taught genetic engineering used
controversy debates as their sole teaching method rather than instruction of the scientific
process (Borgerding et al., 2013). Although incorporating debate over the controversy
can be an effective teaching tool (Zohar and Nemet, 2002), learning through
argumentation is only effective if the students have the necessary content knowledge
(Dawson and Venville, 2009, Mason, 1996, Von Aufschnaiter et al., 2008). Students are
not able to effectively form beliefs on genetic engineering without an understanding of
the science behind it (Klop and Severiens, 2007, Jime´ nez-Aleixandre, 2002).
Argumentation alone is not effective in helping students learn new content, but rather
solidifies existing knowledge (Von Aufschnaiter et al., 2008). Therefore, instruction on
genetic engineering built on debate over controversy can be improved by helping students
learn the scientific background that allows them evaluate the controversy.
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Teachers, however, see their lack of knowledge about genetic engineering as a
barrier that can be overcome (Wilson et al., 2001). Attitude toward and knowledge about
the topic have been reported to be strong indicators of whether a teacher would adopt a
topic in their curriculum (Rudd and Hillison, 1995). Since agriculture teachers have
shown positive attitudes toward integrating the topic into their classrooms (Wilson et al.,
2001, Boone et al., 2006, Brown et al., 1998), teacher knowledge must be addressed in
order for incorporation of genetic engineering to be successful. Teachers have reported
that simple, concise, classroom-ready materials would be ideal to help them learn about
biotechnology (Leslie and Schibeci, 2006).
Classroom-ready resources, however, are not readily available or distributed to
high school teachers. A study on nearly 100 science teachers in Portugal revealed that
lack of resources to teach biotechnology had a greater effect on teachers’ choices about
biotechnology teaching in the classroom than their own beliefs or practical limitations
(Fonseca, Costa, Lencastre, & Tavares, 2012b). Lack of resources was also reported as
the number one limitation for North Carolina teachers (Wilson et al., 2001). A survey of
90 Pennsylvania teachers demonstrated that 92% believed genetic engineering was an
important part of a biotechnology curriculum, but only 58% felt comfortable teaching it.
70% of these teachers indicated they needed better resources to teach this topic (Mordan,
Thomson, & Radhakrishna, 2006). Agriculture teachers in Texas echo this finding but
also revealed that they did not feel responsible for providing resources to fill this need
(Mowen, Wingenbach, Roberts, & Harlin, 2007). Although there is much talk of the
need for GE education, resources to practically add this topic to classrooms are slow to
emerge and have not been widely adopted.
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In response to the need for genetic engineering teaching resources, our team was
funded by the USDA to create such a resource, which we call The Journey of a Gene
(passel.unl.edu/ge). This resource was built to be classroom-ready by incorporating not
only the instructional materials but also assessment. It is visually based and is formatted
for use on a variety of devices, including smart phones. The Journey of a Gene presents
learning through a problem-solving context focused on the story of developing diseaseresistant soybeans for farmers. Most of the content is delivered in a video format and
allows students into the laboratories of the scientists behind the technology to learn how
each step of genetic engineering is done. This video format is relevant to students and
fits teacher preferences (Mowen et al., 2007).
The Journey of a Gene resource is designed to address each of the identified
aforementioned barriers to effectively integrate genetic engineering learning in high
school classrooms. To alleviate the barrier of knowledge, The Journey of a Gene walks
both the teacher and students through the process of genetic engineering step by step.
Since the relevant content knowledge has been incorporated into a classroom-ready
format, teachers are not required to have an extensive understanding of the process of
genetic engineering. The Journey of a Gene allows the teacher to be the facilitator rather
than the expert on the topic. The Journey of a Gene is also free and can be completed
within three hours as a self-paced tutorial, which alleviates the time and resource barriers.
Finally, the online lesson delivers content through videos and interactive animations to
target the learning level of high school life science courses.
It may be necessary, however, to implement teacher training programs in addition
to providing resources in order to make the largest impact. It has been shown that
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adoption of a biotechnology curriculum (Aziz, Tegegne, & Wiemers, 2009; Wilson et al.,
2001; Wilson & Flowers, 2002) and the ability to implement appropriate learning
activities can be significantly increased through teacher workshops (Zeller, 1994). Such
teacher workshops exist but need to become more widespread. In this project, our team
has joined forces with the FFA, which could provide a widespread network to proliferate
such programs.
In order to have a lasting impact on consumer knowledge of the genetically
engineered products they eat every day, it will be important to continue efforts to
incorporate this information into the school systems. In this study, we will demonstrate
the impact of our particular resource on both students and teachers.
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Chapter 1. Genetic engineering online lesson leads to increased
knowledge and more accepting student attitudes

Abstract
Genetic engineering has been used to aid production of many high acreage crops
in U.S. agriculture for nearly three decades. Despite the widespread use of genetic
engineering, skepticism of this technology is prevalent and consumer attitudes have not
become more accepting over time. There are many factors that contribute to an
individual’s attitude toward genetic engineering, such as knowledge level, risk/benefit
perception, background (urban vs. rural), gender, and trust of government safety
regulation. An online resource known as The Journey of a Gene (passel.unl.edu/ge) was
recently developed to teach the process of genetic engineering and address attitude
factors. This study was designed to test the impact of the online resource on student
knowledge and attitudes. By surveying nearly 900 students, we found that the online
resource was effective in increasing student knowledge and shifting student attitudes to
become more accepting of genetic engineering technology. This increase in accepting
attitudes varied by gender, background, and trust in government safety regulation. Our
results demonstrate that genetic engineering attitudes are not static, but can become more
positive through education. This result provides motivation to integrate genetic
engineering education into high schools, thus creating a more informed generation of
consumers.
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Introduction
Although genetically engineered crops have been a part of the world food system
for nearly three decades, some consumers are still skeptical of the technology. Crop
genetic engineering is the manipulation of a plant’s DNA in order to improve crop
management or end use qualities of the crop. Genetic engineering is commonly done by
inserting genes from a source other than the crop plant to encode proteins that perform a
novel function. Another common genetic engineering technique involves new gene
insertion to block the expression of a gene that already exists in the plant. Over 90% of
the soybeans, corn and cotton planted in the U.S. have been genetically engineered,
primarily to benefit farm production (Fernandez-Cornejo, 2014). Papaya, rice, and
canola crops have also been commercialized with genetically engineered events and are
currently available on the U.S. market.
Experts in biotechnology have long assumed that consumer attitudes towards
genetic engineering would become more accepting over time, gradually diminishing in
skepticism and risk perception while embracing the use of genetic engineering
technology in our food system. However, consumer attitudes have not changed much
since the entry of genetically engineered foods to the marketplace (Frewer et al., 2013).
Many studies have found a positive correlation between knowledge of science or
biotechnology and accepting attitudes towards genetic engineering (Mowen et al., 2006,
Tegegne et al., 2013, Fonseca et al., 2012a, Mowen et al., 2007a, Sohan et al., 2002). A
meta-analysis has indicated that a positive correlation between knowledge and attitudes
holds across contexts and cultures (Allum et al., 2008). In addition to knowledge, an
individual’s attitude toward genetic engineering can be shaped by their view of the
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benefits and the risks of genetic engineering for their health, the environment, and the
economy.
Many factors can impact the relationship between knowledge and accepting
attitudes. These factors include, but are not limited to, trust in regulators (Qiu and
Huang, 2006, Moon and Balasubramanian, 2004, Brossard and Nisbet, 2007, Priest et al.,
2003, Hossain and Onyango, 2004), media coverage (Priest, 2001, Brossard and Nisbet,
2007, Hoban, 1998, Fritz et al., 2004), gender (Brossard and Nisbet, 2007, Hossain and
Onyango, 2004, Mowen et al., 2006, Sohan et al., 2002), risk/benefit perception (Brown
and Ping, 2003, Moon and Balasubramanian, 2004, Falk et al., 2002, Lusk et al., 2004,
Lusk et al., 2005, Frewer et al., 2013), rural vs. urban background (Mowen et al., 2006,
Tegegne et al., 2013), area of study (Sohan et al., 2002, Tegegne et al., 2013, Fonseca et
al., 2012a, Lamanauskas and Makarskaitė-Petkevičienė, 2008), and education level
(Allum et al., 2008, Gallup Poll News Service, 2001). All of these factors may contribute
to the development of attitudes toward genetic engineering to varying degrees.
Trust, demographics, risk-benefit perception, and knowledge have a combined,
complex impact on an individual. The factor of knowledge, however, is the most pliable
and realistically changed. For example, after a small biotechnology lesson, Minnesota
high school students indicated they felt more positively about the use of genetic
engineering in food production (Reicks et al., 1996). Similar results were found with a
group of Virginia high school students who participated in a two week biotechnology
curriculum (Stotter, 2004). Few studies like these have been conducted to directly link
instructional practices with genetic engineering attitudes. Understanding the link
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between education and attitudes has implications on how teachers teach genetic
engineering in their classrooms.
Since previous educational treatments have been successful in improving
attitudes, our goal was to develop a resource that teachers could easily adopt and
incorporate into classrooms. Our team designed The Journey of a Gene
(passel.unl.edu/ge), an online educational tool built to teach the steps required to produce
a genetically engineered crop. The Journey of a Gene presents learning through a
problem-solving context and focuses on the story of developing disease-resistant
soybeans for farmers. This resource organizes the science and technology of the genetic
engineering process into four main steps. Within each step, students can view short
videos and animations to learn the information needed to understand each step of genetic
engineering. Each section concludes with a video of a scientist who takes the students
into their lab, greenhouse or field to share how the step is done. Integrating this
instructional resource into high school or entry-level college curriculums could educate
future consumers. If education truly leads to greater public acceptance, increasing
educational efforts could prevent genetically engineered products from being held back
by public protest, as occurred with the release of golden rice which was nutritionally
enhanced for vitamin A using genetic engineering (Paine et al., 2005) as well as with
Enviropig which was engineered to create less phosphorus pollution (Yang et al., 2008,
Forsberg et al., 2013). Education has the potential to help ensure scientists and breeders
will be able to continue to implement genetic engineering as a strategy to solve complex
agricultural problems.
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To investigate whether The Journey of a Gene resource led to more accepting
attitudes toward genetic engineering, a survey measuring attitudes towards genetic
engineering was given to nearly 900 students in one high school course and four college
science courses. Half of the students took the survey before receiving the educational
treatment (pre survey/control group) and the other half took the survey after receiving the
educational treatment (post survey/treatment group) and the scores of these groups were
compared.
Methods
Population. The sample population and sampling frame for this study included
four college science courses (biology, genetics, plant science, and biotechnology) taught
at the University of Nebraska-Lincoln and one Iowa high school course (biotechnology)
during the fall semester of 2014. The courses were chosen based on relevance of the
genetic engineering lesson material to the course content. Each of the participating
courses included students who differed in class standing and professional goals. The
introductory biology course included 689 students who were primarily college freshman
and sophomores from all science fields. Non-science majors also took this course to
fulfill their science requirements. The genetics course was comprised of 29 students who
were sophomores through seniors in agriculture-related majors. Similarly, the plant
science course was populated primarily by agriculture-related majors, but was taken
primarily by freshman students. The plant science class included 71 students who
completed the study. The biotechnology course was an online class that included 32
students and incorporated a wide variety of majors and included freshman to seniors and
non-traditional students. The high school course was a biotechnology class and was
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comprised 21 of junior and senior students primarily from agricultural backgrounds.
Altogether, the sample of these five courses was comprised of nearly 900 student
participants. The instructors who taught these biology-related courses incorporated The
Journey of a Gene content voluntarily.
Variables and Measures. The dependent variables measured in this study were
1) attitudes towards genetically modified organisms (GMOs) and 2) knowledge about the
process of creating GMOs. The independent variable was an educational treatment, the
The Journey of a Gene educational module.
To measure these variables, a survey was adapted from two existing survey
instruments: Sohan et al. (2002) and the Eurobarometer
(http://ec.europa.eu/public_opinion/archives/ebs/ebs_341_en.pdf). The Sohan instrument
was designed to correlate prior knowledge with attitudes. It was modified to fit the
current study by writing new knowledge questions to reflect the use of The Journey of a
Gene. This was accomplished by replacing the six current event multiple choice
questions in the Sohan survey with 13 true/false questions reflecting the process of
genetic engineering (Table 1.2). The new questions were general in nature such that
individuals who already were familiar with genetic engineering would be able to answer
the questions correctly. The Eurobarometer is the gold standard in genetic engineering
attitude measurement tools. The Sohan and Eurobarometer instruments were combined
by entering both survey instruments into a single online survey using SurveyMonkey, an
online survey software.
Using the Sohan and Eurobarometer survey instruments together, attitude was
measured using 43 attitude statements (Table 1.4) that were rated on a 4-point Likert-type

19
scale. The response options were strongly disagree, disagree, agree, and strongly agree.
The attitude questions encompassed the following major components of attitude: impact
on environment, impact on health, fear, impact on the economy, emotion, usefulness, and
risk perception.
To describe and differentiate the survey population, demographic data was
collected on the participants, including gender, childhood surroundings (urban or rural),
degree program, and whether they trust government safety regulations. These
demographics were also used as possible attitude-affecting factors (Table 1.5).
Validity, Reliability and Pilot Study Procedures. Several measures were taken to
maximize the validity and reliability of the questionnaire before the study commenced.
Non-experts who were similar to the sampling frame reviewed the survey to provide face
validity. These individuals provided details about the survey design, readability, ease of
completion, and understandability. Review of the instrument was also done by relevant
experts, which included an educational researcher, genetic engineering expert, genetics
professor, and statistician to provide content validity. Cognitive interviews were also
conducted with two individuals similar to the survey population to identify design flaws
and potential points of confusion that could affect data collection. In addition, the
instrument had already been tested in two prior studies in different contexts. Since the
instrument contains several questions relating to each construct, reliability was measured
with Cronbach's alpha. The attitude survey, consisting of 48 items, was found to be
reliable in a post-hoc analysis with an alpha level of 0.960. The knowledge survey,
consisting of 13 items, had an alpha level of 0.413.
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A pilot study was conducted with six participants. Students in two online summer
courses were offered extra credit for participating in the pilot. The first class was a
freshman-level plant science course; the second class was a teaching biotechnology
course comprised mostly of high school teachers. These individuals were sent an e-mail
asking them to take the survey, explore the online resource, then take the survey again.
Several changes were made in response to the pilot. First, the Survey originally was
comprised only of the modified Sohan survey instrument. After the pilot study, the
Eurobarometer survey was added. The Sohan survey was modified by removing
questions pertaining to cloning because they were not directly relevant to the research
question. Second, all of the questions in the Sohan instrument were changed from their
original three-category response form (Agree, Neutral, Disagree) to four options
(Strongly Agree, Agree, Disagree, Strongly Disagree) to eliminate the neutral category.
The response options were increased because the pilot study results showed that
participants were drawn to 'neutral’ which is known to limit the ability of the instrument
to detect a change between the pre and post surveys. The implementation of the survey
was also adjusted in response to the pilot study. Future participants were assigned to take
the survey only once (pre or post) and results were compared between groups rather than
tracking individual participant changes.
Survey Procedures. The Journey of a Gene online resource was incorporated
into the lab or recitation sections in each of the courses described. Students were divided
into pre (control) and post survey (treatment) groups by lab sections. The groups were
assigned so that an equal number of sections offered at certain time slots would be
distributed between the treatment and control groups to make the groups as similar as
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possible. In addition, if a teaching assistant (TA) taught two sections, one section was
placed in the treatment group and one section was placed in the control group in order to
minimize teacher effect. TAs were trained by the research team on the implementation of
the survey and The Journey of a Gene resource one week prior to implementation of the
study. Students were required to use the e-mail feature to report their quiz scores to their
teacher for each of the four sections of the resource before coming to class. Students
were given time to take the online survey during class to minimize non-response error.
Students were reminded that their participation was voluntary and anonymous.
Implementation of the study varied by class to fit the course curriculum. Once the
study began, it was completed within an eight day period. The lab and recitation sections
assigned to the pre group did not receive instruction on genetic engineering prior to
taking the survey. The pre survey group sections took the survey on the first day of the
study. Following this lab session, all students were given one week to go through The
Journey of a Gene educational treatment as a homework assignment. The post survey
group had studied The Journey of a Gene the week prior to taking the survey on the last
day of the study (Figure 1.1). The design allowed each student to receive an equal
educational experience.
Figure 1.1 Data Collection Timeline

Data Analysis. To analyze the data from the survey instrument, the data was
coded numerically in the survey software (SurveyMonkey). The Likert scale enabled
participants to have a numerical score representing how accepting their attitude was
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toward application of genetic engineering and their understanding of the science facts that
underpin genetic engineering technology. The attitude scores were reported as a
cumulative score of all 48 attitude questions. Each attitude question received a score of
1-4, with 1 being least accepting and 4 being most accepting. The knowledge scores
were reported by the percent of questions answered correctly out of 13. Incomplete
surveys with missing values were removed from the data set. Some questions were also
reverse coded so that all answers were measured on the same scale. The data were
analyzed using SAS 9.4 (SAS Institute, Cary, NC). The pre and post survey group scores
were compared using a two-tailed paired t-test (α=0.05). Paired t-tests were run to
analyze whether the treatment effect was greater for certain demographics in the
population.

Results

Knowledge about genetic engineering. To determine the impact of The Journey
of a Gene on knowledge of genetic engineering, a two-tailed t-test was used to compare
knowledge scores between pre and post survey groups. The post survey group had higher
knowledge scores than the pre survey group and the difference between these groups was
significant (Table 1.1). The Cohen’s D standardized effect size was 0.53. Although the
post survey group averaged only one additional correct answer than the pre group, the
increase in score was contributed by increases in all 13 of the knowledge questions
(Table 1.2). The increase in score across questions suggests that the online learning
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through The Journey of a Gene was effective in improving basic knowledge about the
genetic engineering.
Table 1.1 Mean Group Scores on Knowledge Questions about Genetic Engineering
Group Score*
SE
Lower
Upper
p
Pre (Control)
62.33
0.61
61.12
63.53
< .0001
Post (Treatment)
70.20
0.65
68.91
71.46
*Scores reported as a percent correct out of 13 knowledge questions.

Table 1.2. Knowledge Questions and Mean Scores in Pre and Post Survey Groups

*Indicates the difference between the percentage of correct answers in the pre and post groups is significant at a level
of α=.05. The color in the difference column increases with intensity to indicate larger differences between pre and
post group scores.

Attitudes toward genetic engineering. To determine the effect of The Journey
of a Gene online resource on student attitudes toward genetic engineering, a two-tailed ttest was used to compare attitude scores from the pre and post groups. More accepting
student attitudes were found in the post group; this difference was statistically significant
(Table 1.3). The Cohen’s D standardized effect size was 0.25. The shift to more
accepting attitudes held true in all but five of the forty-eight individual attitude questions
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(Table 1.4). This result indicates that The Journey of a Gene resource resulted in a
significant shift in attitudes toward genetic engineering.
Table 1.3. Mean Group Scores on Genetic Engineering Attitude Questions
Group Score*
SE
Lower
Upper
p
Pre (Control)
117.09
0.90 115.33
118.86
0.0007
Post (Treatment)
121.70
1.01 119.73
123.68
*Scores reported as a total score compiled from all 48 knowledge questions. Each attitude question which ranged
from score of 1 (least accepting) to 4 (most accepting) on a Likert scale.
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Table 1.4. Attitude Questions and Mean Scores in Pre and Post Survey Groups

*Indicates the scores between the groups are significantly different at a level of α.05. Scores for each attitude
question ranged from score of 1 (least accepting) to 4 (most accepting) on a Likert scale. If a question was asked
in the negative, the scale was corrected so a higher score would always indicate a more accepting attitude. The
color in the difference column increases with intensity to indicate larger differences between pre and post group
scores.
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Attitude differences by group.
Previous studies have indicated differences
in attitude toward genetic engineering
associated with gender, urban vs. rural
background, trust in government safety
regulation, and genetic engineering
information source. To investigate whether
these group differences existed in the
student population and to determine if The
Journey of a Gene had a greater impact in
certain groups, two-tailed independent ttests were used to compare the pre and post
groups. Males were significantly more
accepting of genetic engineering than
females in both the pre group and the post
group (Figure 1.2a and Table 1.6). The
higher score for accepting attitude for
females in the post group over the pre
group was statistically significant
(p=0.0008) while the higher attitude
scores for males was not statistically
different than the pre scores. Students
from rural backgrounds were significantly

Figure 1.2. Attitude scores by treatment and
demographic. Demographics: A) gender, B) student
background, C) trust in government safety regulation. The
pre treatment group represent students in the control group
who had not used The Journey of a Gene educational
treatment before taking the attitude survey. Post treatment
group represents students who had received the treatment
before taking the attitude survey. Higher attitude scores
represent student attitudes that are more accepting of
genetic engineering technology. All differences between
scores by demographic represented in A-C are significant
at a level of α=.05.
*Indicates the pre-post difference within the demographic
is significant a level of α=.05.
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more accepting of genetic engineering than students from urban backgrounds in both the
pre and post groups (Table 1.6 and Figure 1.2b). The treatment effect, however, was
approximately equal between the groups as indicated by the similar difference between
group mean attitude scores pre and post (pre= 7.3833, SE=1.7878, post=7.1204,
SE=2.0109). This is visually represented by the similar slopes in Figure 1.2b. Similar
results were found based on trust of government safety regulation. Students who
indicated trust in government safety regulation had significantly higher scores than
students who distrusted trust government safety regulation in the pre and post groups
(Table 1.6 and Figure 1.2c). The treatment impact between pre and post within the trust
and distrust groups was not statistically measurable. Finally, scores were compared
based on the students’ self-reported primary information source about genetic
engineering. Four categories were given as options on the survey for comparison: blogs,
college courses, friends, and news. Of the four information sources, blogs had the lowest
score (Table 1.7). Students who primarily obtained their information from blogs
produced the only score which was significantly different when compared to each of the
other sources (Table 1.8). This result indicates most information sources did not have a
significant impact on attitude in this student population. However, blogs posts about
genetic engineering may negatively impact student attitudes (Table 1.8).
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Table 1.5. Respondent Demographics
Number of Respondents
Pre
Female
Male
Rural
Student Background
Urban
Primary Source of Knowledge Blogs
College
Friends
News
Trust
Trusting of Government
Distrust
Gender

Treatment

277
195
219
253
21
166
95
160
294
178

Post
223
158
161
219
16
189
46
121
280
98

Table 1.6. Differences of Attitude Mean Scores by Group
Group
Group Score* SE Lower Upper

p

Female
112.51 1.15 110.26 114.76
Male
123.84 1.36 121.16 126.51
Comparison
-11.33 1.78 -14.82
-7.83 <.0001
Female
118.30 1.28 115.80 120.81
Post
Male
126.84 1.52 123.87 129.82
Comparison
-8.54 1.98 -12.43
-4.65 <.0001
Rural
121.15 1.31 118.58 123.72
Pre
Urban
113.76 1.22 111.37 116.15
Comparison
7.38 1.79
3.87 10.89 <.0001
Rural
126.01 1.53 123.01 129.00
Post
Urban
118.89 1.31 116.32 121.45
Comparison
7.12 2.01
3.17 11.07 0.0004
Distrust government
104.04 1.29 101.51 106.57
Pre
Trust government
125.15 1.00 123.18 127.12
Comparison
-21.11 1.63 -24.31 -17.91 <.0001
Distrust government
106.70 1.73 103.30 110.11
Post
Trust government
127.25 1.03 125.24 129.27
Comparison
-20.55 2.02 -24.50 -16.59 <.0001
*Scores reported as a total score compiled from all 48 knowledge questions. Each
attitude score ranged from 1 (least accepting) to 4 (most accepting) on a Likert scale.
Pre
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Table 1.7. Attitude Mean Scores by Genetic Engineering Information Source
Source
Mean Group Attitude Score
Standard
Lower Upper
Error
Blogs
109.78
3.21
103.47 116.09
College
120.24
1.04
118.21 122.28
Friends
119.37
1.65
116.14 122.60
News
118.35
1.17
116.06 120.64
Table 1.8. Differences of Attitude Mean Scores by Genetic
Engineering Information Source
Source
Source
p
Blogs
College
0.0020*
Blogs
Friends
0.0081*
Blogs
News
0.0124*
College
Friends
0.6537
College
News
0.2264
Friends
News
0.6146

Discussion
Greater acceptance among post survey participants over pre survey participants
indicates that The Journey of a Gene educational treatment likely influenced student
attitudes to become more accepting of genetic engineering (Table 1.2). Our result is
consistent with other educational interventions (Reicks et al., 1996, Stotter, 2004). The
increase in attitude score was relatively small: 4.61 points on a 172 point attitude scale.
Given The Journey of a Gene resource was implemented as homework which inherently
comes with high degree of student choice, the impact on attitude reveals a high potential
influence of education on this population. An attitude shift for high school or college
students is important as these students are future household purchasers of food.
We also showed an increase in knowledge scores with the treatment (Table 1.1).
Our knowledge questions were intended to measure what students knew about every step
of the genetic engineering process. The questions also addressed some common
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misconceptions. Therefore, not all of the questions would necessarily fit within the same
construct. The Cronbach’s alpha reliability of the knowledge instrument was .413,
however this measure assumes that all the questions are measuring a single construct. In
a post-hoc analysis we found that there were likely three factors represented in our
knowledge instrument. It is likely that there are actually multiple factors involved in a
complete understanding of the process of genetic engineering. Thus, our knowledge
questions may still be practical for indicating an increase in understanding of many of the
dimensions of the process of genetic engineering.
After conducting the study, we learned that the student attitude and knowledge
survey data was collected during a week when a majority of the students had a large
number of exams in commonly co-enrolled courses. Since the treatment required
approximately three hours of homework time, which was an increase over the typical
homework load, and the grading incentives were small it is possible that students did not
study the material to its full extent. Therefore, the timing of this treatment had the
potential to influence our results. However, the study was repeated in the spring semester
in most of the same classes with statistically similar results (data not shown). Therefore
we are confident that this learning resource is likely to have a similar knowledge gain and
attitude impact as it is more broadly applied by life science teachers who are motivated to
teach the science and application of genetic engineering.
The Journey of a Gene’s positive impact on attitude was likely a result of
addressing a combination of the reported effectors of attitude, such as knowledge and
risk-benefit perception. First, The Journey of a Gene most purposefully addressed
knowledge, which is a well-supported contributor to accepting attitudes (Mowen et al.,

31
2006, Tegegne et al., 2013, Fonseca et al., 2012a, Mowen et al., 2007a, Sohan et al.,
2002, Allum et al., 2008). Although there are many content areas that could be
addressed, The Journey of a Gene specifically worked to increase knowledge of the
scientific process of creating a genetically modified crop. Another contributor to attitude,
risk-benefit perception, (Brown and Ping, 2003, Moon and Balasubramanian, 2004, Falk
et al., 2002, Lusk et al., 2004, Lusk et al., 2005, Frewer et al., 2013) was addressed in
The Journey of a Gene’s case study format. The case study format gave students insight
into a current real-world soybean disease problem and introduced them to a farmer who
would directly benefit from a genetic engineering solution. The case study approach
gives students a view into the benefits of genetic engineering technology which they may
not otherwise see directly.
The Journey of a Gene had the potential to impact many of the factors of attitude,
but it affected students to different degrees based on their demographic. For example,
females were less accepting of genetic engineering than males, which is consistent with
previous studies (Brossard and Nisbet, 2007, Hossain and Onyango, 2004, Mowen et al.,
2006, Sohan et al., 2002). When males and females of different college majors were
compared, females enrolled as education majors were the least accepting of genetic
engineering (Sohan et al., 2002). Additionally, teacher attitudes toward content are
known to impact the attitudes of their students (Lock et al., 1995). Therefore, informing
future teachers who will shape perceptions of the next generation of consumers is
important. Future work should investigate how tools like The Journey of a Gene can
better inform pre-service teachers.
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Another demographic that we found represented a difference in attitude score was
the level of trust in government safety regulation, which is also a known factor of
attitudes toward genetic engineering (Qiu and Huang, 2006, Moon and Balasubramanian,
2004, Brossard and Nisbet, 2007, Priest et al., 2003, Hossain and Onyango, 2004). The
Journey of a Gene resource had the potential to impact students’ trust of government
safety regulation by using videos to introduce students to the scientists behind the process
of genetic engineering. By giving students insight into the safety testing of genetically
engineered products, The Journey of a Gene had the potential to minimize perceived risk
and increase trust. Not only do students hear the stories of scientists who produce
genetically engineered products, but a section of The Journey of a Gene also focuses on
the food safety regulation process required for genetically modified products. In our
study, students who trusted government safety regulation had significantly higher scores
than those who did not in both the pre and post survey (Table 1.6 and Figure 1.2), which
is supported by previous works (Qiu and Huang, 2006, Moon and Balasubramanian,
2004, Brossard and Nisbet, 2007, Priest et al., 2003, Hossain and Onyango, 2004).
Students who trusted the government safety regulation had the most accepting attitudes of
the three demographics in both pre and post surveys, with the treatment having no
statistically measurable effect. Students who distrusted government safety regulation had
the lowest acceptance score of all the demographics groups (Table 1.6). Distrusting
students in the post group were similarly unaccepting of genetic engineering after the
treatment. Both trusting and distrusting groups held strong opinions. Neither group
showed a significant change in attitude score in response to The Journey of a Gene. The
consistent opinions of the students may indicate that trust is very difficult to effect
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through a short video series like the one presented in this study. The large difference in
attitude scores between trusting and distrusting students may also indicate that trust is a
particularly strong contributing factor toward the formation of attitudes toward genetic
engineering. It could be advantageous to learn whether increased knowledge about the
regulation process would lead to a greater trust, and in turn an increase in accepting
attitudes.
We also found that urban students were less accepting of genetic engineering than
rural students, which is consistent with previous studies (Mowen et al., 2006, Tegegne et
al., 2013). We hypothesize that greater acceptance from rural students is related to riskbenefit perception. Students from rural backgrounds may have a higher perception of
benefit than students from urban backgrounds because most commercially available
genetically engineered products provide direct benefits to rural farmers. It is assumed
that students in rural communities have friends or relatives that work in the agricultural
industry, and directly or indirectly benefit economically from genetically engineered
crops. It is further assumed that these students have exposure to crop fields and seasonal
farming activities on a more frequent basis than their urban counterparts. Perhaps rural
students have a higher understanding of farming practices and the large role agriculture
plays in their communities. Thus, urban students would have less exposure to the direct
benefits of genetic engineering technology than rural students.
Although the study population included a wide variety of academic majors from
urban and rural backgrounds, the study was conducted in Iowa and Nebraska, where the
economy is agriculturally driven. Future investigation is needed to reveal whether the
trends reported in this study hold true in other regions of the country that have fewer

34
agricultural ties. Future studies that investigate urban settings will be important to reflect
the national trend where a smaller and smaller proportion of the population is directly
connected to agriculture (Alig et al., 2004).
The increase in accepting attitudes between the pre and post survey groups in this
study furthers our understanding of the potential for change in consumer attitudes toward
genetically engineered foods. It indicates that individuals who invest time to learn more
about the science of genetic engineering have more accepting attitudes towards genetic
engineering technology. If scientists and plant breeders intend to continue to use genetic
engineering to solve problems in our food system, it is important to incorporate learning
resources such as The Journey of a Gene into classrooms. Future funding from nonbiased sources should be allocated toward integrating genetic engineering education into
schools. Education is a key component to help consumers make informed decisions about
purchasing products derived through genetic engineering and make societal decisions
about advancing genetic engineering research.
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Chapter 2. Improving genetic engineering secondary education
through the introduction of a classroom-ready online resource

Abstract
Genetic engineering has been used in the production of food in the U.S. for over two
decades, however, science literacy in genetic engineering among consumers is low which
has left many consumers unsure of how to make informed decisions about their food. To
address the science literacy problem, genetic engineering education could be included in
science curriculums. However, low teacher knowledge within the topic, lack of
resources, lack of time, and the difficulty of the topic for students are barriers that cause
teachers to either avoid teaching the science and technology of genetic engineering or
only emphasize the controversies surrounding this technology. Here we show how a new
online resource, The Journey of a Gene, addresses these teaching barriers to help six
Nebraska high school agriculture teachers a) increase the time spent on genetic
engineering in the classroom, b) improve the quality of genetic engineering teaching as
measured by a shift from teaching the controversy to teaching the scientific process,
enabling students to evaluate the controversy, and c) improve teacher knowledge of
genetic engineering. The positive outcomes observed from the use of the online resource
suggest that future funding be allocated to equipping and training teachers in genetic
engineering education. Education is a key component to help consumers make informed
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decisions about purchasing products derived through genetic engineering and make
societal decisions about advancing genetic engineering research.
Introduction
Genetic engineering has aided production of the predominant crops such as corn,
soybean and cotton in U.S. agriculture for more than two decades. Despite the length of
time on the market and the widespread use of genetic engineering, consumers are not
well informed about genetic engineering technology (Lusk and Murray, 2015, Priest et
al., 2003). Previously, small two to five day lessons on genetic engineering were shown
to significantly increase awareness among high school students (Reicks et al., 1996).
Integrating genetic engineering lessons into high school curriculums could be a solution
to the genetic engineering science literacy dilemma. In fact, high school teachers believe
that biotechnology, including genetic engineering, is important to integrate into their
curriculum (Wilson et al., 2001, Boone et al., 2006, Brown et al., 1998, Kwon and
Chang, 2009). However, teachers face many barriers to adopting biotechnology topics.
First, genetic engineering is a relatively new technology, therefore many teachers did not
receive instruction on this topic in their own high school or college education. Teachers
have widely reported that they feel their own lack of knowledge about the scientific
aspects of genetic engineering is a barrier to teaching the topic (Boone et al., 2006, Steele
and Aubusson, 2004, Wilson et al., 2001, Mowen et al., 2007, Mordan et al., 2006,
Kwon, 2009, Leslie and Schibeci, 2006). Additional barriers include a lack of time, both
to plan and to fit the subject into the curriculum (Borgerding et al., 2013, Steele and
Aubusson, 2004, Fonseca et al., 2012), as well as a lack of resources or funding for
biotechnology activities (Fonseca et al., 2012, Steele and Aubusson, 2004, Boone et al.,
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2006). Finally, some teachers avoid the topic because they perceive it to be too advanced
for their students (Fonseca et al., 2012, Steele and Aubusson, 2004).
While working with teachers across the Midwest on genetic engineering
education, our research team has informally confirmed that the primary barrier that
prevents teachers from including the science of genetic engineering in their curriculum is
the lack of confidence in their own knowledge of the science and the lack of time for
them to gain that knowledge. We observed that the lack of knowledge encourages
teachers to omit genetic engineering education or, in some cases, to teach genetic
engineering through controversy debates rather than instruction on the scientific process.
These tendencies were also seen in a study of twenty Florida Life Science teachers that
were considered leaders in biotechnology education, only eleven taught genetic
engineering. Two of the eleven teachers who taught genetic engineering used controversy
debates as their sole teaching method rather than instruction of the scientific process
(Borgerding et al., 2013). Although debate over the controversy can be an effective
teaching tool (Zohar and Nemet, 2002), learning through argumentation is only effective
if the students have the necessary content knowledge (Dawson and Venville, 2009,
Mason, 1996, Von Aufschnaiter et al., 2008). Thus, students are not able to effectively
form beliefs on genetic engineering without an understanding of the science behind it
(Klop and Severiens, 2007, Jime´ nez-Aleixandre, 2002). Argumentation alone is not
effective in helping students learn new content, but rather solidifies existing knowledge
(Von Aufschnaiter et al., 2008). Therefore, instruction on genetic engineering built on
debate can be improved by helping students learn the scientific background that allows
them to evaluate the controversy.
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Although teachers feel a lack of confidence about their knowledge of genetic
engineering, they see this barrier of knowledge as one that can be overcome (Wilson et
al., 2001). Attitude toward and knowledge about the topic were reported to be strong
indicators of whether a teacher would adopt a topic in their curriculum (Rudd and
Hillison, 1995). Specifically, agriculture teachers showed positive attitudes toward
integrating the topic into their classrooms (Wilson et al., 2001, Boone et al., 2006, Brown
et al., 1998), thus teacher knowledge must be addressed in order to successfully
incorporate genetic engineering in high school classrooms. Teachers reported that
simple, concise, classroom-ready materials would be ideal to help them learn about
biotechnology (Leslie and Schibeci, 2006).
With the ideal characteristics in mind, our team designed The Journey of a Gene
(passel.unl.edu/ge), an online educational tool, to help teachers effectively integrate
genetic engineering into high school curriculums. The Journey of a Gene presents the
steps of genetic engineering through a problem-solving context focused on the story of
developing disease resistant soybeans for farmers. This resource organizes the science
and technology of the genetic engineering process into four main steps. Within each step,
students can view short videos and animations to learn the information needed to
understand each stage of genetic engineering. Each step ends with a video of a scientist
who takes the students into their lab, greenhouse or field and shows how their particular
step of genetic engineering is completed.
This resource is designed to address each of the aforementioned barriers to
effectively integrate genetic engineering learning in high school classrooms. To alleviate
the barrier of the lack of knowledge, The Journey of a Gene walks both teachers and
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students through the process of genetic engineering step-by-step, allowing the teacher to
be the facilitator rather than the expert on the topic. The Journey of a Gene is also a free
resource and can be completed within three hours as a self-paced tutorial. These
characteristics of the online tool can alleviate the barriers related to time and monetary
resources. Finally, to address the content difficulty barrier, the online lesson delivers
content through videos and interactive animations to target the learning level of high
school life science courses.
In this study, we administered a survey instrument to evaluate the confidence of
agriculture teachers in teaching biotechnology across Nebraska, Iowa, and South Dakota.
We also conducted three interviews with six Nebraska high school teachers to investigate
their previous genetic engineering instruction as well as how their current instruction was
impacted by using The Journey of a Gene. We tested the hypothesis that teachers who
used The Journey of a Gene would a) increase the time spent on genetic engineering in
the classroom, b) improve the quality of genetic engineering teaching as measured by a
shift from teaching the controversy to teaching the scientific process, enabling students to
evaluate the controversy, and c) improve teacher knowledge of genetic engineering. We
found that five of the six teachers increased the time they spent on genetic engineering
and all six teachers increased the quality of their teaching about the scientific process.
Our new genetic engineering online resource, The Journey of a Gene, has great potential
to encourage science-based instruction on genetic engineering in high school classrooms.
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Materials and Methods
Teacher Survey Procedures
A biotechnology teaching confidence survey was administered 1) to determine the
confidence level of the typical Midwestern agriculture teacher, 2) to compare the
confidence levels of the interview participants to contextualize our results, and 3) to
detect pre/post changes in confidence among the interview participants after using The
Journey of a Gene.
Survey population –The sample population and sampling frame for this survey
included 58 agriculture teachers across Nebraska, Iowa, and South Dakota who attended
their state’s conference associated with the National Agricultural Educators Association
(NAAE). At each of the three conferences, teachers were able to select from several
presentations, including ours where we presented The Journey of a Gene online resource
as a tool for teachers to use in their classrooms.
These NAAE state conferences were selected for this study because of the
agriculture teachers’ motivation to incorporate genetic engineering content due to its
widespread use in production agriculture. Agriculture teachers were also ideal
participants because of their affiliation with FFA. Nebraska FFA recently was the first to
adopt a State Biotechnology Career Development Event for which The Journey of a Gene
was the sole study material. South Dakota and Iowa have both adopted this competition
as well, with other states also showing interest. This contest provided additional
motivation for teachers in each of these states to learn about The Journey of a Gene.
Survey variables and measures - The dependent variable measured in this
survey was teacher confidence in biotechnology and genetic engineering teaching. The
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independent variable was an educational treatment, The Journey of a Gene educational
module. The biotechnology teaching confidence survey was comprised of two different
instruments: the Biotechnology State Standards instrument and the STEBI instrument.
The first instrument was designed for this study and asked teachers to indicate
their level of confidence (5 point Likert scale ranging from very unsure to very confident)
in teaching each of the Nebraska Biotechnology State Standards
(http://cestandards.education.ne.gov/Courses/012004_Biotechnology.pdf). Therefore,
this particular instrument measures confidence in each content area related to
biotechnology. This 15 item instrument was found reliable in a post-hoc analysis with an
alpha level of 0.947. This instrument also asked teachers to identify whether they
currently teach each of the 15 content areas corresponding with the Biotechnology State
Standards. These Nebraska State Standards were optional for teachers at the time of the
study.
The second instrument, the STEBI-B instrument (Riggs and Enochs, 1990), was
also used to evaluate the confidence of teachers in science teaching, but questions
focused on teachers’ underlying beliefs about their ability to teach effectively. The
instrument was modified to replace the word ‘science’ with the word ‘biotechnology’ for
this study. The STEBI-B consisted of 25 items and was found reliable in a post-hoc
analysis with an alpha level of 0.813. The Nebraska Biotechnology State Standard and
STEBI-B instruments were entered into an online survey software SurveyMonkey to be
administered as one survey.
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Survey data collection - Teachers participating in the Nebraska, Iowa, and South
Dakota agricultural education conferences were prompted to participate in the
biotechnology teaching confidence pre-survey prior to the conference through e-mail.
Teachers had a second opportunity to fill out the confidence pre-survey either online or
on paper at the beginning of the research team’s presentation at each conference.
Interview participants (described in the teacher interview procedures) took the confidence
survey a second time as a post-survey following the use of The Journey of a Gene (Figure
1).
Figure 1.1. Teacher Confidence Data Collection timeline.

Survey data analysis – To analyze the data from the survey instruments, the data
was coded numerically in the survey software (SurveyMonkey). The confidence scores
were reported as a cumulative score for each of the two survey instruments. In both
survey instruments, each confidence question could receive a score of 1-5, with 1 being
least confident and 5 being most confident. Incomplete surveys with missing values were
removed from the data set. The data were analyzed using IBM SPSS Statistics for
Windows, Version 22.0 (IBM Corp, Armonk, NY). The pre and post survey confidence
scores for the six interview participants were compared using dependent samples in a
two-tailed paired t-test (α=0.05). Interview participant scores were compared to the
survey population using a dot plot. Additionally, the percentage of teachers that included
each of the content areas from the State Standards in their curriculum were calculated.
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Teacher Interview Procedures
A series of three interviews were conducted with six Nebraska high school
agriculture teachers to study the impact of The Journey of a Gene online resource on
teacher practices. This was done by asking teachers to report 1) time spent on genetic
engineering instruction, 2) quality of genetic engineering instruction, 3) teacher
knowledge level, and 4) teacher suggestions and comments before and after using The
Journey of a Gene.
Interview data collection - All Nebraska confidence survey participants were
offered the opportunity to participate in the interview procedures through the Nebraska
Agricultural Educators Association Conference. Those who participated in the survey
were contacted via e-mail asking if they were willing to participate in the interview
procedures. Six Nebraska teachers volunteered for the interview process. Each of these
teachers agreed to review The Journey of a Gene as a potential resource for their own
classroom.
The six volunteers completed the Content Representations (CoRe) document
(Loughran et al., 2004) and an informed consent form via e-mail prior to the preinterview. The CoRe document was an open-ended instrument focused on the 5E
learning cycle (Bybee et al., 2006) that allows teachers to give a representation of what
they currently teach in regards to the subject (in this case, biotechnology). Completion of
the CoRe document was followed by a brief interview (pre-interview) to give more detail
about their genetic engineering instruction (Figure 2.2). Interview questions involved the
amount of time spent on genetic engineering in the classroom, time spent on controversy,
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time spent on science, resources used, classroom activities, and one content knowledge
question. The content knowledge question required teachers to explain the difference
between a transgenic and a non-transgenic crop.
Following the pre-interview, teachers were given one week to review The Journey
of a Gene resource (Figure 2.2). Completion of the materials took approximately three
hours. As teachers explored the resource, they were encouraged to think about whether
they would use it in their classroom. Once the teacher had fully reviewed The Journey of
a Gene, they were asked to take the confidence survey again and to edit their CoRe
document to reflect changes, if any, they planned to make to their classroom activities.
Upon receiving the revised CoRe document, a check-in interview was conducted in
which the same questions were asked in the pre-interview. However, the responses
reflected the teachers’ intended plans for teaching genetic engineering in the coming
academic year.
In order to learn how the resource impacted teaching practices, a post interview
was conducted after each teacher completed their genetic engineering section in their
classroom (Figure 2.2). The teachers were asked how much time they spent teaching
genetic engineering, how much time was spent on teaching the scientific process, how
much time was spent teaching the controversy, details about implementing the lesson, the
content knowledge question, and one new question requiring the teacher to describe the
process of genetic engineering. Since the unit fit into each teacher’s curriculum at
differing times, the timing of the post interview varied by teacher from seven to eleven
months from the time of the check-in interview.
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Figure 2.2. Teacher Interview Data Collection Timeline.

Interview data analysis - All interviews were transcribed and reviewed for
themes. A coding framework was built based on the research questions and themes that
arose in the interviews (Table 2.1). The four members of the research team used the
coding frame to independently code each interview. Scores were decided by consensus
of the research team. Scores were compared between pre and post interviews for each
participant to evaluate the impact of The Journey of a Gene.
Table 2.1. TeacherTable
Interview
Coding Scheme.
1. Coding Scheme
Codes

1

Current teaching
practice: science

Does not teach the
scientific process of
genetic engineering

Current teaching
practice: controversy

Does not teach the
controversy regarding
genetic engineering

2
3
Teaches the some of
Teaches the scientific
the genetic science, but
process of genetic
not specifically the
engineering
scientific process of GE
Makes students aware
Discusses the controversy
of the controversy, but
while guiding the
without guiding the
synthesis of truth vs. unanalysis of the
truth
controversy

Identifies that the
difference is based on a
Identifies transgenic
gene (but don't identify
and non-transgenic as
where it comes from),
Teacher knowledge of
"natural" and "unor cannot explain
GE
natural" (they identify a
further or knows little
level of human
about the process itself
intervention)
or has some
misunderstanding

4

Identifies transgenic as
having a gene inserted
(transgene) into the cells
and non-transgenic as
Same as category 3, but can
being naturally pollinated,
generally explain each step of
but do not show evidence
genetic engineering correctly
that they understand how
this fits into the process
of genetic engineering in
its entirety
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Results

Time spent on genetic engineering - To determine the impact of The Journey of
a Gene online resource on the amount of time teachers spent on genetic engineering in
the classroom, teachers were asked to report the number of class periods they taught
genetic engineering before viewing the resource. The number of class periods spent on
genetic engineering the previous year (pre) was compared to the number of class periods
they spent on genetic engineering in the classroom while using The Journey of a Gene
(post). We found that all six teachers used The Journey of a Gene in their classroom and
that five teachers increased the amount of time they spent teaching genetic engineering
(Table 2.2). One teacher reported decreased time spent on genetic engineering, but also
reported that the depth of his coverage increased because the resource allowed him to
cover the material more efficiently. These results indicate that The Journey of a Gene
was effective in helping teachers spend more time on the topic of genetic engineering in
their classroom.

Table 2.2. Class periods spent on genetic engineering in the classroom pre and post.
Class periods spent on genetic engineering by
teacher
I

II

III

IV

V

VI

Pre

9

2

2

10 min

2

5

Post

5

7

7

5

6

12

Class Period Length (minutes)

60

50

45

50

45

50

Pre data indicates how much time the teachers spent on their genetic engineering lesson the previous year. Post data
indicates the length of their genetic engineering lesson using The Journey of a Gene.
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Genetic engineering teaching quality - To determine whether The Journey of a
Gene improved the quality of genetic engineering instruction, as measured by the balance
of science and controversy teaching (Table 2.1), each teacher’s past genetic engineering
lessons were compared with the one they implemented after going through the online
resource. We found that the quality of genetic engineering lessons improved with use of
The Journey of a Gene (Table 2.3). The quote from the teacher below also provides
insight into a shift to more emphasis on teaching the scientific process of genetic
engineering. This quote indicates that the resource was effective in helping teachers
deliver the genetic engineering scientific content.
“I would say [this year’s lesson was] probably more in-depth. The year before we
just kind of talked about GMOs and how they happen but we didn't really get into the
details of this is how you can do this. And we talked more on the pros and cons side of it.
And this year it was a lot more this is how it works, this is how we can use it, applying
what was talked about versus give me your opinion.”

Post

Pre

Table 2.3. Quality of teaching practice by teacher pre and post.
I
II
III
IV
V
VI
Science
2
1
3
1
2
2
Controversy
3
2
3
2
1
2
Science

3

2

3

3

3

3

Controversy

2

2

2

1

2

3

Values determined by consensus of four reviewers using the coding scheme for current teaching practice in Table
2.1. Scores range from 1 to 3, with 3 indicating the highest quality. Pre data was coded based on the teacher’s
lesson the previous year. Post data was coded based on their lesson using The Journey of a Gene.
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Teacher knowledge - Since teacher knowledge of genetic engineering tends to be
a barrier to the incorporation of genetic engineering in the classroom, we measured the
impact of The Journey of a Gene on teacher knowledge. The measurement was made by
asking teachers to explain the difference between a transgenic and a non-transgenic crop
in the pre and post interviews. Their answers were coded numerically using the coding
scheme for teacher knowledge of genetic engineering (Table 2.1). We found that
teachers’ knowledge of the genetic engineering process improved through the use of the
online resource (Tables 2.4 and 2.5).
Table 2.4. Teacher knowledge of genetic engineering pre and post.

Pre
Post

I

II

III

IV

V

VI

1

2

2

2

3

3

3

2

4

4

4

4

Values determined by consensus of four reviewers using the coding scheme for teacher knowledge of genetic engineering in
Table 2.1. Scores range from 1 to 4, with 4 indicating the highest level of knowledge. Pre data was coded based on the
teachers’ lesson the previous year. Post data was coded based on their lesson using The Journey of a Gene.

Table 2.5. Teacher knowledge
Question: What is the difference between a transgenic crop and a non-transgenic crop?
Pre answer: “The only difference is that at a genetic level, the genes themselves are different.
Everything else is the same.”
Post
“A transgenic crop has genes from another organism inserted into the
answer:
DNA as the desirable plant that you're working with. A non-transgenic has just
regular DNA. Take corn for example. Their corn DNA is just corn DNA, and
doesn't have any other DNA from another organism.”
“First thing, they would locate an organism that has the genes that they want.
They put it into a tissue culture of the crop that they're working with, and then
make multiple copies of those plant genetic material, grow those tissue
cultures into plants. Once they have actual plants, then they test to see if it has
the genetic or the transmitted genes in it. Once they have a cross that has the
transmitted genes, they start crossing that with the hybrids that has the
desirable genes like drought tolerance or big ears or short growth length or
whatever. Keep crossing, doing the backcrossing on it until they have all the
genes that they want plus that transgenic gene in the seeds that are going to

49

Teacher
reports on
gained
knowledge

start mass producing. Then getting those onto the market for farmers to
purchase and produce with.”
“I had a basic idea of what happened. But as far as the actual, how does this
gene get from this plant and how do they replicate it and test for it? And things
like that? That was something I didn't really understand. Learned a lot about
through this The Journey of the Gene.”

Teacher confidence - To measure the impact of The Journey of a Gene on
teacher confidence levels, the State Standard and STEBI survey instruments were
compared pre and post for the six interview participants. Our results indicate a large
increase in confidence score from 38.17 to 51.33 for the State Standard instrument (Table
2.6). This increase indicates that The Journey of a Gene can greatly impact the teachers’
confidence levels in the content (p=0.001). The results from the STEBI instrument
indicate that there was no significant difference between the pre and post survey average
scores which were 84.33 and 84.67 (Table 2.6). This result indicates that teachers’
underlying beliefs about their ability to impact students’ science understanding were not
significantly impacted by The Journey of a Gene.
Table 2.6. Treatment effect on teacher confidence survey scores.
Mean score (post-pre) SE
CI
p
Lower Upper
13.17 1.97
8.09 18.24 0.001
State Standards
0.33 3.36 -8.31
8.98 0.925
STEBI
State standards scores could range from 15 to 75, with higher scores indicating greater confidence. STEBI scores
could range from 25 to 125 with higher scores indicating greater confidence.

Context of confidence results - To determine whether our results from the six interview
participants could be generalized to the population of Midwestern agriculture teachers, the pre
survey scores of the six interviewees were compared to the pre survey scores of 56 teachers
across Nebraska, Iowa, and South Dakota. Our results indicate that our six interviewees had
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average confidence scores (as measured by both survey instruments), thus they represented
‘typical’ Midwestern agriculture teachers (Figures 2.3 and 2.4).

Figure 2.3 State standards survey confidence scores by group.

Figure 2.4 STEBI confidence scores by group.

To determine which aspects of biotechnology and genetic engineering the typical
teacher includes in their curriculum, all 56 teachers who took the confidence pre-survey
were asked to report which of the 15 Nebraska Biotechnology State Standards they
include in their curriculum. Although 48% of the teachers surveyed reported teaching the
process of genetic engineering, only 7% of the teachers reported teaching more detailed
aspects such as transgene design (Table 2.7). Other technical details essential to
understanding the process of genetic engineering such as gene discovery, the relationship
between genes and proteins, and gene and protein detection were all taught by less than
15% of teachers (Table 2.7). However, the controversy, which falls under the ethical and
cultural issues related to biotechnology, was taught by nearly 59% of teachers (Table
2.7).
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Table 2.7. Frequency of inclusion of each Nebraska Biotechnology State Standard in
high school curriculums in the Midwest.
Teachers who include
standard in their
curriculum
Number
Percent
Biotechnology Nebraska State Standard
1. Historical aspects of biotechnology
25
45
2. Current applications of biotechnology
36
64
3. The classical trait selection process
37
66
4. The classical breeding process
41
73
5. How biotechnology is used in health and agricultural industries
34
61
6. The parts of a cell
30
54
7. The process of genetic engineering
27
48
8. Why gene discovery is critical for genetic engineering
14
25
9. Transgene design that results in desired gene expression
4
7
10. The relationship between proteins and traits
13
23
11. How to detect genes or proteins
5
9
12. Which lab equipment and techniques to use in specific
5
9
situations
13. The ethical and cultural issues related to biotechnology
33
59
14. The legal issues related to biotechnology
20
36
15. The scientific issues related to biotechnology
21
38
Data represents answers from 56 teachers across Nebraska, Iowa, and South Dakota.

Addressing content difficulty barrier - Teachers reported concerns that the
topic of genetic engineering may be too advanced for their high school students. To
investigate whether The Journey of a Gene effectively addressed this barrier, teachers
were asked if they felt the content of the resource was appropriate for their students.
Teachers revealed in their interviews that the content was delivered at an appropriate
level for their students (Table 2.8).
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Table 2.8. Teachers report on the whether the content is at the appropriate level
for their students.
“But, to me [The Journey of a Gene] puts it kind of all in one spot. A majority of it, I
think, down on their level. Where it breaks it down, or maybe at my level even. It
helps make sense a little bit more for me as I was going through this. You know,
when you're in college and doing some of the things and it's all thrown at you
and it really doesn't make sense how it all works, and, to me, this did, where you
went through each one, and I mean that's why I would use [The Journey of a
Gene].”
“I think I would try to use it more towards the beginning of the lesson. Not
necessarily as an introductory piece, but early, early when we are starting to
discuss biotechnology. And, that‘s mainly just because the topics and the content
of the app are, I guess to me, they’re fairly in depth -- and that is a good thing -but they are still basic enough to grab students' interest and attention in a topic.”
“I thought it was really user-friendly or like put in terms kids will understand.”
“I understood the big picture but now I can use the right terms, so to speak, of
restriction enzymes instead of well this cuts this out and stuff like that. So it
helped me and it helped me be able to explain it in a way that the kids can
understand it. Because when we discussed it and I was facilitating the discussion,
the kids totally got it.”
Addressing time barrier - Many teachers have also reported lack of time as a
barrier to teaching the scientific process of genetic engineering. During the interview
process, many teachers commented about aspects of The Journey of a Gene that
addressed this barrier by decreasing the amount of time necessary preparation time (Table
2.9).
Table 2.9. Teachers report on resource.
“You can find a lot about opinion pieces, but it's really hard to find, like, here are the
facts laid out and not opinionated one way or the other… [The Journey of a Gene]
is awesome and it is really something I could use in my class without a lot of prep
or time to tweaking things, it is a one stop shop!”
“I can find a lot of cool stuff on the Internet but when it is all in one place, where you
can just send the kids to, I think that is great.”
“I felt like I covered [genetic engineering] pretty well before, but I think I realized
there were a lot of gaps that I was missing. And so that's probably what helps me
in having a format to follow exactly. A quality resource that I could use was worth
a lot more and made sure that I covered all the different steps rather than jumping
around to what I was comfortable with and what I maybe knew a little bit more
about. So the formats, yes, definitely helped out.”
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“...it was all right there. I didn't have to go and do a lot of research. Because I don't
know if I would have ever gotten past the “this is what biotechnology is.” It leads
to GMOs. And this is the controversy. I don't know I ever would have gone more
in depth on my own, just because I wasn't as comfortable with it.”

Careers in genetic engineering. Although the interviews with teachers did not
include a question about careers, an unexpected finding was that the theme of career
exposure was strongly expressed in the teacher responses. Five of the six teachers
mentioned the use of The Journey of a Gene to help their students consider careers in
science and biotechnology (Table 2.10). The teachers indicated that exposure to the lab
environments, equipment, and scientists through the videos provided a good platform to
talk about careers.
Table 2.10. Teachers report The Journey of a Gene is useful for career
exploration
“I think there's too much misconception that there's not science, or math for that
matter, in agriculture ... And that it's more than just being a farmer, planting a
seed in the ground, and taking a crop to town .... I don't think kids realize the vast
amount of careers available on that side of agriculture, on the science side, in the
product development and research type things.”
“And with the biotechnology, I just think there’s a lot of careers that it will be
definitely coming, and are right now. I guess I'm interested because I want to help
kids really try to find a career in whatever their interest may be.”

Discussion
This study supports our hypothesis that The Journey of a Gene educational
resource is a) effective in helping teachers increase the amount of time spent on genetic
engineering instruction, b) improve the quality of their instruction, and c) improve
teachers’ genetic engineering content knowledge. In addition, The Journey of a Gene
addressed the previously identified barriers to teaching genetic engineering: knowledge,
time, resources, and the advanced topic level.
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Our results show that most teachers increased the amount of time spent teaching
genetic engineering (Table 2.2). One teacher reported a decrease in time spent, but
indicated in his interview that his depth of coverage increased because The Journey of a
Gene resource allowed him to cover more in a shorter period of time with his class,
which is an unexpected result. This is a positive result because it indicates that The
Journey of a Gene was effective at delivering information precisely to allow it to fit into
the curriculum. The increase in time spent on genetic engineering instruction by the
other five teachers using The Journey of a Gene was not unexpected given that teacher
knowledge has been reported as the foremost barrier for including genetic engineering in
the classroom (Boone et al., 2006, Steele and Aubusson, 2004, Wilson et al., 2001,
Mowen et al., 2007, Mordan et al., 2006, Kwon, 2009, Leslie and Schibeci, 2006), and
teachers have reported the need for better content resources to teach genetic engineering
(Wilson et al., 2001, Fonseca et al., 2012, Mordan et al., 2006, Mowen et al., 2007).
Since The Journey of a Gene delivers the science content in an easy-to-use package, it is
not surprising this gave teachers confidence to teach more of the topic.
Our results indicate that The Journey of a Gene was effective in helping teachers
increase the quality of their genetic engineering instruction on the scientific process
(Table 2.3). Quality was measured in terms of both science and controversy teaching
(Table 2.1). In our survey of agriculture teachers across the Midwest, we found that the
majority of teachers include the ethical aspects (controversy) of genetic engineering, but
less than half include the steps of genetic engineering (Table 2.7). When asked to report
whether they taught specific steps of genetic engineering such as gene discovery or
transgene design, the number of teachers including this material drops to 25% and below
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(Table 2.7). These results are another potential indicator that there is widespread teacher
discomfort with the knowledge of the scientific process of genetic engineering. The
discomfort may be cause teachers to include controversy but not science details in their
lessons. Studies conducted in Virginia and Florida demonstrated that this is not a regionspecific phenomenon. In Virginia, less than 10% of surveyed agriculture teachers
indicated they were knowledgeable about components of genetic engineering such as
gene splicing, recombinant DNA, and transgenic species (Boone et al., 2006). In Florida,
some biotechnology teachers have also reported discussion of controversy as their sole
means of covering genetic engineering in their classroom (Borgerding et al., 2013).
Although including debate over controversy in the classroom can be an effective
motivator for student learning (Zohar and Nemet, 2002), debate in absence of teaching on
the scientific background leaves students without the needed content knowledge to
evaluate this controversy (Olsher and Dreyfus, 1999, Simonneaux, 2000, Shodell, 1995,
Dawson and Venville, 2009). Noticeably, The Journey of a Gene did not help teachers
improve their quality of controversy teaching (Table 2.3). Future development of this
resource should provide more support for teachers as they guide their students through
evaluating the controversy within the topic of genetic engineering.
Our findings indicate that The Journey of a Gene positively impacted teacher
knowledge (Table 2.4) and confidence in teaching the Nebraska Biotechnology State
Standards (Table 2.6). This impact is important for two main reasons. First, teachers
have indicated that their own knowledge is a barrier to incorporating genetic engineering
in their classrooms (Boone et al., 2006, Steele and Aubusson, 2004, Wilson et al., 2001,
Mowen et al., 2007, Mordan et al., 2006, Kwon, 2009, Leslie and Schibeci, 2006).
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Second, when teachers have low content knowledge, it limits student achievement (Ball,
1988, Nye et al., 2004, Metzler and Woessmann, 2012, Darling-Hammond, 2000, Sadler
et al., 2013).
Teachers’ biotechnology teaching confidence was shown to increase as measured
by the Nebraska State Standards instrument, but remained the same when measured by
the STEBI instrument (Table 2.6). This difference could be accounted for by the nature
of the questions in each instrument. The State Standards instrument focused on content
areas within biotechnology, therefore an increase in confidence after using a content-rich
resource is not surprising. The STEBI instrument asked questions regarding teachers’
underlying beliefs about their ability to impact students, which is fundamentally different
from course content. The Journey of a Gene was not designed to address teachers’ selfefficacy or underlying beliefs. Thus we believe that the results of the two confidence
measures are not contradictory, but rather represent the different components of a
teachers’ confidence.
Many studies have identified a lack of teacher training as a limiting factor in
biotechnology education (Fonseca et al., 2012, Leslie and Schibeci, 2006, Steele and
Aubusson, 2004, Borgerding et al., 2013). Training is an effective predictor of whether
a teacher included biotechnology content (Wilson et al., 2001, Steele and Aubusson,
2004), however, a study found that 83% of agriculture teachers never took course(s) for
teaching biotechnology and 80% never participated in in-service professional
development related to biotechnology teaching (Kwon and Chang, 2009). Content-driven
videos similar to The Journey of a Gene increase the ability of teachers to apply
knowledge in the classroom (Seidel et al., 2013). The Journey of a Gene addresses the
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need for training by helping teachers train on the go with its brief online format. The
teachers in our study reported that they spent no more than 3-5 hours in total preparing
for their genetic engineering unit using The Journey of a Gene, with most of the teachers
choosing to teach the topic for about a week.
Another common barrier, available classroom time, can be addressed by using
The Journey of a Gene in a flipped classroom format where students consume the content
at home and engage in activities or discussion during class time. Interestingly, none of
the teachers involved in this study chose to implement this format. It is possible that this
choice is due to a lack of experience with flipped classrooms. Another possibility that
emerged in the interviews is that teachers wanted the ability to pause the videos to answer
questions, add explanations, or induce a class discussion during the consumption of the
material.
Lack of resources is seen as another common barrier to the integration of genetic
engineering in high school classrooms. In a previous study, teachers reported that "a
package of materials available for immediate use in the class" was needed to help them
incorporate biotechnology topics (Leslie and Schibeci, 2006). Teachers have also
reported a desire for computerized instructional modules and curriculum to teach
biotechnology (Kwon and Chang, 2009, Brown et al., 1998). Previous studies have also
shown that teachers desire collaboration with universities to teach biotechnology
(Gelamdin et al., 2013, Fonseca et al., 2012). The teachers in our study reported that
they felt The Journey of a Gene was a ‘classroom-ready’ resource because it was a fully
formed module that put everything they needed for the lesson in one place. This
resource, developed through an educational institution, helped connect the teachers with
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the scientists at a university which enabled them to learn more directly from the
scientists.
Because The Journey of a Gene interactive website was targeted at the high
school learning level, the teachers in this study were able to use the site with a range of
ages from freshman to senior. Some teachers, however, did mention that they preferred
to use this resource with their students that had already learned some genetics through
their biology course so that this resource could reinforce genetics concepts. This allows
the students to move though the material very quickly. All the teachers indicated that
they plan to use the site again in their teaching. Although The Journey of a Gene has not
been rated for certain age groups, the teacher interview responses reveal to us that this
resource is not out of the intellectual reach of their students, thus addresses the barrier of
content difficultly.
As we interviewed teachers, the theme of careers was presented very strongly.
Although our research team never prompted the teachers to speak about careers, five of
the six teachers brought up careers in their interviews. Teachers felt particularly strongly
that seeing the researchers and the lab environment through the videos presented a picture
of careers that their students may have never otherwise imagined. Our results are
consistent with previous studies where careers were also listed in open-ended interviews
by teachers as a reason for teaching biotechnology (Borgerding et al., 2013, Kwon,
2009). Students have also reported that context-based learning approaches, like that used
in The Journey of a Gene, helped them gain interest in what researchers do (Lyngved,
2012).
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The increase in teacher knowledge, teacher confidence, time spent on genetic
engineering in the classroom, and quality of genetic engineering instruction found in this
study provide evidence that a positive impact on instruction can be achieved by
equipping teachers with classroom-ready genetic engineering resources. Such resources
are key as we move forward in addressing the genetic engineering science literacy
problem. Future funding from non-biased sources should be allocated toward providing
resources that help teachers integrate genetic engineering education into schools.
Education is a key component to help students, future consumers, make informed
decisions about purchasing products derived through genetic engineering and make
societal decisions about advancing genetic engineering research.

60

References
Alig RJ, Kline JD, Lichtenstein M. 2004. Urbanization on the US landscape: looking
ahead in the 21st century. Landscape and Urban Planning (69), 219-234.
Allum N, Sturgis P, Tabourazi D, Brunton-Smith I. 2008. Science knowledge and
attitudes across cultures: A meta-analysis. Public Understanding of Science (17), 35-54.
Aziz AN, Tegegne F, Wiemers RW. 2009. Benefits of hands-on biotechnology training
workshops for secondary school educators and college students. Journal of Biotech
Research [ISSN: 1944-3285] (1), 72-79.
Ball DL. 1988. Research on teaching mathematics: Making subject matter knowledge
part of the equation. J. Brophy (Ed.), Advances in research on teaching (88-2).
Boone H, Gartin SA, Boone DA, Hughes JE. 2006. Modernizing the agricultural
education curriculum: an analysis of agricultural education teachers' attitudes,
knowledge, and understanding of biotechnology. Journal of Agricultural Education (47),
78.
Borgerding LA, Sadler TD, Koroly MJ. 2013. Teachers' concerns about biotechnology
education. Journal of Science Education and Technology (22), 133-147.
Brossard D, Nisbet MC. 2007. Deference to scientific authority among a low
information public: Understanding US opinion on agricultural biotechnology.
International Journal of Public Opinion Research (19), 24-52.
Brown DC, Kemp MC, Hall J. 1998. On teaching biotechnology in Kentucky. Journal
of Industrial Teacher Education (35), 44-60.
Brown JL, Ping Y. 2003. Consumer perception of risk associated with eating genetically
engineered soybeans is less in the presence of a perceived consumer benefit. Journal of
the American Dietetic Association (103), 208-214.
Bybee RW, Taylor JA, Gardner A, Van Scotter P, Powell JC, Westbrook A, Landes
N. 2006. The BSCS 5E instructional model: Origins and effectiveness. Colorado Springs,
CO: BSCS.
Darling-Hammond L. 2000. Teacher quality and student achievement. Education policy
analysis archives (8), 1.

61
Dawson V, Venville GJ. 2009. High‐ school Students’ Informal Reasoning and
Argumentation about Biotechnology: An indicator of scientific literacy? International
Journal of Science Education (31), 1421-1445.
Falk MC, Chassy BM, Harlander SK, Hoban TJ,4th, McGloughlin MN, Akhlaghi
AR. 2002. Food biotechnology: Benefits and concerns. The Journal of Nutrition (132),
1384-1390.
Fernandez-Cornejo J. 2014. Adoption of genetically engineered crops in the U.S.
(2015).
Fonseca MJ, Costa P, Lencastre L, Tavares F. 2012a. Multidimensional analysis of
high-school students' perceptions about biotechnology. Journal of Biological Education
(46), 129-139.
Fonseca MJ, Costa P, Lencastre L, Tavares F. 2012b. Disclosing biology teachers’
beliefs about biotechnology and biotechnology education. Teaching and Teacher
Education (28), 368-381.
Forsberg CW, Meidinger RG, Liu M, Cottrill M, Golovan S, Phillips JP. 2013.
Integration, stability and expression of the E. coli phytase transgene in the Cassie line of
Yorkshire Enviropig™. Transgenic research (22), 379-389.
Frewer LJ, Howard C, Aaron JI. 1998. Consumer acceptance of transgenic crops.
Pesticide Science (52), 388-393.
Frewer LJ, van der Lans IA, Fischer ARH, Reinders MJ, Menozzi D, Zhang X, van
den Berg I, Zimmermann KL. 2013. Public perceptions of agri-food applications of
genetic modification – A systematic review and meta-analysis. Trends in Food Science &
Technology (30), 142-152.
Fritz S, Husmann D, Wingenbach G, Rutherford T, Egger V, Wadhwa P. 2004.
Awareness and acceptance of biotechnology issues among youth, undergraduates, and
adults. The Journal of Agrobiotechnology Management and Economics (6), 5.
Gallup Poll News Service. 2001. Biotech food remains fairly obscure to most
Americans, less than a third fear it poses serious health risks.
http://www.gallup.com/poll/4771/biotech-food-remains-fairly-obscure-mostamericans.aspx.
Gelamdin RB, Alias N, Attaran M. 2013. Students’ And Teachers’ Perspectives On
Biotechnology Education: A Review On Publications In Selected Journals. Life Science
Journal (10).

62
Hallman WK, Metcalfe J. 1994. Public perceptions of agricultural biotechnology: A
survey of New Jersey residents. New Jersey Agricultural Experiment Station, Rutgers,
The State University of New Jersey, New Brunswick NJ.
Hoban TJ. 1998. Trends in consumer attitudes about agricultural biotechnology. The
Journal of Agrobiotechnology Management and Economics (1), 2.
Hossain F, Onyango B. 2004. Product attributes and consumer acceptance of
nutritionally enhanced genetically modified foods. International Journal of Consumer
Studies (28), 255-267.
Jime´ nez-Aleixandre M. 2002. Knowledge producers or knowledge consumers?
Argumentation and decision making about environmental management. International
Journal of Science Education (24), 1171-1190.
Kalaitzandonakes N, Marks LA, Vickner S. 2004. Media coverage of biotech foods
and influence on consumer choice. American Journal of Agricultural Economics (86),
1238-1246.
Klop T, Severiens S. 2007. An exploration of attitudes towards modern biotechnology:
A study among Dutch secondary school students. International Journal of Science
Education (29), 663-679.
Kwon H. 2009. Key Factors Affecting the Implementation of Biotechnology Instruction
in Secondary School Level Technology Education Classrooms. Virginia Tech, .
Kwon H, Chang M. 2009. Technology teachers’ beliefs about biotechnology and its
instruction in South Korea. The Journal of Technology Studies (35).
Lamanauskas V, Makarskaitė-Petkevičienė R. 2008. Lithuanian University Students'
Knowledge of Biotechnology and Their Attitudes to the Taught Subject. Eurasia Journal
of Mathematics, Science & Technology Education (4).
Leslie G, Schibeci R. 2006. Teaching about designer babies & genetically modified
foods: Encouraging the teaching of biotechnology in secondary schools. The American
Biology Teacher (68), e98-e103.
Lock R, Miles C, Hughes S. 1995. The influence of teaching on knowledge and attitudes
in biotechnology and genetic engineering contexts: implications for teaching
controversial issues and the public understanding of science. School Science Review
(76), 47-59.
Loughran J, Mulhall P, Berry A. 2004. In search of pedagogical content knowledge in
science: Developing ways of articulating and documenting professional practice. Journal
of Research in Science Teaching (41), 370-391.

63
Lusk J, Murray S. 2015. Food Demand Survey.
http://agecon.okstate.edu/faculty/publications/4975.pdf.
Lusk JL, House LO, Valli C, Jaeger SR, Moore M, Morrow J, Traill WB. 2004.
Effect of information about benefits of biotechnology on consumer acceptance of
genetically modified food: Evidence from experimental auctions in the United States,
England, and France. European Review of Agricultural Economics (31), 179-204.
Lusk JL, Jamal M, Kurlander L, Roucan M, Taulman L. 2005. A meta-analysis of
genetically modified food valuation studies. Journal of Agricultural and Resource
Economics, 28-44.
Lyngved R. 2012. Learning about cloning: developing student knowledge and interest
through an interactive, context-based approach. Nordic Studies in Science Education (5),
142-157.
Mason L. 1996. An analysis of children's construction of new knowledge through their
use of reasoning and arguing in classroom discussions. International Journal of
Qualitative Studies in Education (9), 411-433.
Metzler J, Woessmann L. 2012. The impact of teacher subject knowledge on student
achievement: Evidence from within-teacher within-student variation. Journal of
Development Economics (99), 486-496.
Moon W, Balasubramanian SK. 2004. Public attitudes toward agrobiotechnology: The
mediating role of risk perceptions on the impact of trust, awareness, and outrage. Review
of Agricultural Economics (26), 186-208.
Mordan B, Thomson J, Radhakrishna R. 2006. Assessing the needs of biotechnology
in agricultural education programs. Neil A.Knobloch, 296.
Mowen DL, Roberts TG, Wingenbach GJ, Harlin JF. 2006. Differences in
agricultural science teachers’ knowledge and attitudes of biotechnology.
Mowen DL, Roberts TG, Wingenbach GJ, Harlin JF. 2007a. Biotechnology: An
assessment of agricultural science teachers' knowledge and attitudes. Journal of
Agricultural Education (48), 42-51.
Mowen DL, Wingenbach GJ, Roberts TG, Harlin JF. 2007b. Agricultural science
teachers' barriers, roles, and information source preferences for teaching biotechnology
topics. Journal of Agricultural Education (48), 103-113.
Nye B, Konstantopoulos S, Hedges LV. 2004. How large are teacher effects?
Educational evaluation and policy analysis (26), 237-257.

64
Olsher G, Dreyfus A. 1999. Biotechnologies as a context for enhancing junior highschool students' ability to ask meaningful questions about abstract biological processes.
International Journal of Science Education (21), 137-153.
Paine JA, Shipton CA, Chaggar S, Howells RM, Kennedy MJ, Vernon G, Wright
SY, Hinchliffe E, Adams JL, Silverstone AL. 2005. Improving the nutritional value of
Golden Rice through increased pro-vitamin A content. Nature biotechnology (23), 482487.
Pardo R, Calvo F. 2004. The cognitive dimension of public perceptions of science:
Methodological issues. Public Understanding of Science (13), 203-227.
Priest SH. 2000. US public opinion divided over biotechnology? Nature Biotechnology
(18), 939-942.
Priest SH. 2001. Misplaced faith communication variables as predictors of
encouragement for biotechnology development. Science Communication (23), 97-110.
Priest SH, Bonfadelli H, Rusanen M. 2003. The “trust gap” hypothesis: Predicting
support for biotechnology across national cultures as a function of trust in actors. Risk
Analysis (23), 751-766.
Qiu H, Huang J. 2006. Consumers' trust in government and their attitudes towards
genetically modified food: empirical evidence from China. International Association of
Agricultural Econimists Conference.
Reicks M, Stoebner T, Hassel C, Carr T. 1996. Evaluation of a decision case approach
to food biotechnology education at the secondary level. Journal of Nutrition Education
(28), 33-38.
Riggs I, Enochs L. 1990. Toward the development of an elementary teacher's science
teaching efficacy belief instrument. Science Education (74), 625–637.
Rudd RD, Hillison JH. 1995. Teacher characteristics related to the adoption of
agriscience curriculum in Virginia middle school agricultural education programs.
Journal of Agricultural Education (36), 19-27.
Sadler PM, Sonnert G, Coyle HP, Cook-Smith N, Miller JL. 2013. The influence of
teachers’ knowledge on student learning in middle school physical science classrooms.
American Educational Research Journal (50), 1020-1049.
Seidel T, Blomberg G, Renkl A. 2013. Instructional strategies for using video in teacher
education. Teaching and Teacher Education (34), 56-65.

65
Shodell M. 1995. The question-driven classroom: student questions as course curriculum
in biology. The American Biology Teacher, 278-281.
Simonneaux L. 2000. A study of pupils' conceptions and reasoning in connection
with'microbes', as a contribution to research in biotechnology education. International
Journal of Science Education (22), 619-644.
Sohan D, Waliczek T, Briers G. 2002. Knowledge, attitudes, and perceptions regarding
biotechnology among college students. Journal of Natural Resources and Life Sciences
Education (31), 5-11.
Steele F, Aubusson P. 2004. The challenge in teaching biotechnology. Research in
Science Education (34), 365-387.
Stotter DE. 2004. Assessment of the learning and attitude modification of technology
education students who complete an instructional unit on agriculture and biotechnology.
Ph.D., North Carolina State University, .
Tegegne F, Aziz AN, Bhavsar H, Wiemers R. 2013. Awareness of and attitudes
towards biotechnology by Tennessee State University students with different
backgrounds and majors. Journal of Biotech Research [ISSN: 1944-3285] (5), 16-23.
Ten Eyck TA. 2005. The media and the public opinion on genetics and biotechnology:
mirrors, windows, or walls? Public Understanding of Science (Bristol, England) (14),
305-316.
Von Aufschnaiter C, Erduran S, Osborne J, Simon S. 2008. Arguing to learn and
learning to argue: Case studies of how students' argumentation relates to their scientific
knowledge. Journal of Research in Science Teaching (45), 101-131.
Wilson E, Flowers J. 2002. Secondary educators' confidence in teaching agricultural
biotechnology after training. Journal of Natural Resources and Life Sciences Education
(31), 131-147.
Wilson E, Kirby B, Flowers J. 2001. Factors related to the intent of agriculture
educators to adopt integrated agricultural biotechnology curriculum. Journal of Southern
Agricultural Education Research (51).
Yang X, Drury C, Zhang T, Ajakaiye A, Forsberg C, Fan M, Philip J. 2008. Shortterm carbon dioxide emissions and denitrification losses from soils amended with low-P
manure from genetically modified pigs. Nutrient Cycling in Agroecosystems (80), 153160.
Zeller MF. 1994. Biotechnology in the high school biology curriculum: The future is
here! The American Biology Teacher, 460-464.

66
Zohar A, Nemet F. 2002. Fostering students' knowledge and argumentation skills
through dilemmas in human genetics. Journal of research in science teaching (39), 35-62.

67

Appendices

68
Appendix 1. Student Knowledge and Attitude Survey

69

70

71

72

73

74

75

76

77
Appendix 2. Teacher Confidence Survey
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Appendix 3. Teacher Recruitment Flier

Help us improve our FREE biotechnology
teaching resource!
Purpose of Study: We have designed an online tool to help teach biotechnology in the classroom. We
are interested learning how it could be used in your classroom.
Benefits: You will work through a classroom-ready tool to help teach genetic engineering.* This is a
science based, fact driven resource that will help your students have a window into the
laboratories working on genetic engineering research and development. There is NOT COST for
you to use in your classroom.
*Not all participants will receive this resource during the study, but all participants will have
access at the end of the study which should not take more than 2 weeks.
Amount of time: The initial survey will take 5-10 minutes. You will then explore our online resource,
which may take up to 3 hours. Finally you will take a survey that will take 10-15 minutes. Some
participants will be asked if they are willing to be interviewed.
How to participate: Fill out the attached survey and turn it in during the presentation. Once you have
turned in the form, you have initiated participation in this study. We will send an e-mail giving
further instructions. You may choose to withdraw from this study at any time without
consequence.
Location: You can turn in the attached survey here at the conference, but the rest of the study can be
completed from your home or office. All the follow-up materials are available online.
Compensation: You must complete the study to be entered into the drawing for a biotechnology kit.
Upon completion, a drawing will be done for a Bio-Rad biotechnology kit for use in your
classroom.
Risks: There are no known risks associated with this study.

If you have any questions, you can contact the research team at the e-mail address below.

Don Lee
dlee1@unl.edu
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Appendix 4. Content Representation (CoRe) Document
This document is intended to give us a window into the aspects of biotechnology that you
currently teach. This will not be shared with anyone outside of the research team which is not
affiliated with your school or district. We are merely interested in what you currently do, so don’t feel
pressure to answer in any particular way.
In addition to you answers in this document, please send us any additional artifacts. This can be lesson
plans, assignments, readings...anything involved in what you discuss below.
Science Topic/Content Area:
Grade Level:
Genetic Engineering
1. What concepts/big
ideas do you intend
students to learn?
2. What do you expect
Be specific; by the end of the lesson, what should students know and be
students to understand
able to do?
about this concept and
be able to do as a
result?
3. Why is it important
If a student (or parent) were to ask, Why should I learn this? How would
for students to learn this you reply?
concept? (Rationale)
For an example of a well-written rationale, see:
http://lessonplanspage.com/ScienceSSMDUnitOnErosion46.htm/
4. Provide an overview/
Think about this as being an ‘encyclopedia entry’ about your topic—
explain what teachers
another teacher should be able to read this section to understand the
should know about this
scientific explanations related to your topic/concept, as well as any
topic. What misconparticular difficulties or misconceptions kids have about the topic/concept.
ceptions do students
typically have about this
concept? (Lesson
Background Info)
5. Knowledge about
students’ thinking that
influences your teaching
of this idea
6. Other factors that
influence your teaching
of this idea
7. What specific
Answer this based on what you currently do in your classroom
activities might be useful
for helping students
understand the topic
(and particular reasons
for using these to
engage with this idea)
8. In what ways would
you assess students’
understanding or
confusion about this
concept?

Formative Assessment: What occurs in the activities, above, to help you
assess students’ ideas and progress?
Summative Evaluation: What do you use as a basis for assigning grades?
(Include rubric or criteria)
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9. What materials/
equipment are needed
to teach the lesson?
10. What difficulties or
limitations are
connected with teaching
this idea?
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Appendix 5. Example Teacher Interview Questions
Note: The interviews will mainly be driven by the participant’s responses on the CoRe
document where they outline their course plan. The interviews will seek more detail
about 1) what they are currently doing and why, 2) what they plant to do and why, and
finally 3) what they did and why in regards to teaching biotechnology. Therefore, many
questions will be specific to the teacher and the activities that they conduct in their
classrooms. Below are examples of general questions that would be asked of all teachers.
1. Do you typically teach biotechnology as a separate unit, or integrated with other
topics?
a. From the CoRe document I will begin the interview with some idea of
what activities they already do in their classroom. This will allow me to
ask follow-up questions about how they chose those activities and what
their goals are with each.
b. I will also find out if they teach genetic engineering in particular
c. How much time do you spend on genetic engineering in your class? How
much on biotechnology as a whole? (This can be number of class periods,
hours, etc.)
2. Do you cover the public controversy over genetic engineering? Why or why not?
3. Do you teach the scientific process of producing genetically engineered foods?
Why or why not?
a. Follow-up can include asking about what resources would help them teach
more of the science
4. Where do you go for your main sources of biotechnology information? How do
you use that information? (Ex: all students to research online, receive teaching
plan from a University
5. Why do you think genetic engineering is a controversial technology?
6. What is the difference between a transgenic and a non-transgenic crop?
7. Is there anything we have not touched on that you feel is important?
8. If you don’t currently teach genetic engineering, why not? Do you want to?
What causes you to want to teach it now?
9. If you are confident, you can engage students in discussion…fielding questions.
10. What advice would you give another teacher getting started in biotechnology?
11. In our first interview, you mentioned that it is very important to stay “in the
middle of the road” as you present information so that you can let the students
think for themselves. Do you think The Journey of a Gene allows them to do
this? Why or why not?
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12. Do you envision using The Journey of a Gene in your classroom? How? (in
classroom, at home)
a. How much time will you spend teaching GE? Will this be more or less
than before?
13. Do you think it will help you teach the science behind genetic engineering?
14. Do you think it will help you teach the controversy?
15. Do you envision using it at all? What could help it fit your needs better?
16. Do you feel this resource is classroom ready? What could make it even more
“classroom ready?”
17. Do you feel like this resource makes the science of genetic engineering more
approachable/understandable?
a. What do you think your students will think of the experts that are in the
videos?
18. Having gone through the app, how would you describe the difference between a
transgenic and non-transgenic crop?
19. If we made an animal or microbe app that followed this same structure, would
you be likely to use it in your animal science course?
20. Is there anything we could change about the app to make it more user friendly?
21. Is there anything else we have not touched on that you feel is important?

Post Interview Questions:


Did you use the app in your classroom? If so, describe how you used the app in
class.
o Specific activities
o What portions of the app did you use
o How did your students access it? (in class, at home, phones, computers)
o What was your goal with GE learning?



If you did not use the app, why not?



Have you used The Journey of a Gene to create lesson plans or activities for your
classroom?
o How are you taking this information and changing it into lesson plans?
o What are those plans/activities? Can you describe the lesson plans?
o Would you be willing to share them?



Approximately much time was used on this app/genetic engineering?
o By you (prep)? By your students?
o In-class
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o As homework
o How long are your class periods?


What proportion of time would you say you spent on teaching the scientific
process of genetic engineering vs. teaching the controversy?
o Make sure to get details on activities for each if they did both



Did you use sources of information besides The Journey of a Gene to teach
genetic engineering? If so, what were they?



Did the Journal of the Gene App Impact your understanding of GE process? If so,
how?
o Did this knowledge change impact your teaching? If so, how?



What is the difference between transgenic and non-transgenic crops?



To the best of your ability, describe the process of making a transgenic crop .
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Appendix 6. Instructions to TAs for Implementation of Student Data Collection

Genetic Engineering: The Journey of a Gene
passel.unl.edu/ge
Goal…




…of the website: To inform future consumers on the process of genetic
engineering by letting them learn directly from the scientists. Knowing the
scientific process will allow them to evaluate the controversy as they make
decisions about their diet.
…of the study: To evaluate whether knowledge of the scientific process effects
attitudes towards genetically engineered products.

Study design:




Compare attitude survey scores of students who have received the educational
treatment to students who have not. In order for all the students to receive equal
educational opportunities, half of the students will take the survey before
treatment, and half will take it after. In the end, they will all go through the same
activities. The only item that differs between groups is the timing of the survey.
Students from the following classes will be surveyed: LIFE 120, AGRO 315
Genetics, AGRO 131 Plant Science, AGRI 115 Biotechnology, and two high
school biology classes

Administering the survey:







Ask students to bring a device to recitation
For the POST survey, only allow students who turn in their one-page summary of
genetic engineering to take the survey (this excludes individuals who have not
been exposed to the treatment)
Pre-Survey Link: http://surveymonkey.com/s/GeneticEngineeringPre
Post-Survey Link: http://surveymonkey.com/s/GeneticEngineeringPost
This survey will take about 10 minutes to complete
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TA
1
TA
2
TA
2
TA
3
TA
3
TA
4
TA
4
TA
5
TA
5
TA
6
TA
6
TA
7
TA
7
TA
8
TA
8
TA
9
TA
9
TA
10
TA
10
TA
11
TA
12
TA
12

Section
118LAB
116LAB
126LAB
132LAB
120LAB
114LAB
130LAB
112LAB
128LAB
122LAB
124LAB
131LAB
125LAB
113LAB
115LAB
117LAB
127LAB
111LAB
121LAB
123LAB
119LAB
129LAB

Group
A

Weekday
Tuesday

A

Tuesday

A

Thursday

A

Wednesday

A

Wednesday

A

Tuesday

A

Wednesday

A

Tuesday

A

Thursday

A

Thursday

A

Thursday

B

Wednesday

B

Thursday

B

Tuesday

B

Tuesday

B

Tuesday

B

Thursday

B

Tuesday

B

Thursday

B

Thursday

B

Wednesday

B

Wednesday

Time
6:30PM 9:20PM
2:30PM 5:20PM
2:30PM 5:20PM
11:30AM 2:20PM
2:30PM 5:20PM
11:30AM 2:20PM
6:30PM 9:20PM
8:30AM 11:20AM
6:30PM 9:20PM
8:30AM 11:20AM
11:30AM 2:20PM
11:30AM 2:20PM
2:30PM 5:20PM
11:30AM 2:20PM
2:30PM 5:20PM
6:30PM 9:20PM
6:30PM 9:20PM
8:30AM 11:20AM
8:30AM 11:20AM
11:30AM 2:20PM
2:30PM 5:20PM
6:30PM 9:20PM

Administer Survey Before or
after going through the Journey
of a Gene
After
Before
After
After
Before
After
Before
Before
After
After
Before
After
Before
Before
After
After
Before
Before
After
Before
After
Before
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Homework Schedule
The Journey of a Gene is designed to be used for a “flipped classroom” design where
students take in the content on their own, then interact with the content in class. In order
to accomplish this, students will need to work through the content throughout the week
before they come to recitation. Below is an example of what you should send to your
students (red regions would need replaced with information specific to your recitation).
As a TA, you will need to modify the red portions of the e-mail below before sending
these instructions to your students. You can also change the e-mail so that you feel it fits
your voice better. I've just tried to provide a sample to help you get started.
This week we are utilizing a self-paced online learning environment to explore how
genetic engineering is done and meet the scientists who do it. This resource is designed
for use on any device to help you fit this content into your schedule. In order to be
prepared for this week's recitation, it is essential that you follow the homework schedule
below so you can complete the required materials.
Due 4 days before recitation (customize this date and specify a time): Complete the first
two sections of The Journey of a Gene listed below by visiting passel.unl.edu/ge. You
will need to watch the videos and e-mail me your quiz results by the due date.
 Designing the Gene section (14 minutes)
o Start at the ‘Gene Regions’ video by selecting it in the menu and complete
the rest of the section.
 Transformation section (10 minutes)
Due 2 days before recitation (customize this date and specify a time): Complete next two
sections by the due date. You will need to watch the videos and e-mail me your quiz
results by the due date.
 Breeding (30 minutes)
 DNA Diagnostics (20 minutes)
Due 1 day before recitation (customize this date and specify a time): Watch the video
below.
 Food Safety Testing Video (11 minutes)
o To find this video, go to the home page and scroll to the bottom. Select
the “Risks and Benefits” button. In the menu, select “Food Safety
Testing”
Due at the start of recitation: A one page, double spaced essay outlining the 4 steps of
genetic engineering and the food safety testing that is done before a product reaches the
consumer. A satisfactory paper will receive 10 points and will be assessed with “all or
nothing” grading.
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Recitation Activity
1. Students in the “post” group will take the survey monkey survey for data
collection. “Pre” groups will have taken the survey the week prior.
a. If students do not turn in a summary, do not have them take the survey
because they have not received the treatment.
2. In groups of 3-4 students will complete the following:
a. Come up with an idea for a genetically engineered product
b. Detail out each of the 4 steps of genetic engineering for your project
i. Include details about what type of promoter and what type of gene
you will need
ii. If you are creating an animal product (rather than a plant like the
video) your transformation procedure will include inserting the
transgene into an egg
th
c. As a 5 step, discuss the safety testing that must be done
d. Make a poster that includes a visual for each of the 5 steps (this can be a
hand drawn sketch)
e. Give a 5 minute presentation to your class on your genetic engineering
product an how it will be created
*TA note: it is possible to take a picture of each poster and put it on the screen in
your classroom. We may need to discuss how this would work.
Question: could a bonus point be awarded for the best project? (most accurate,
best idea…?)

